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November 20, 2006 
 
Ms. Leanne Moore 
U.S. Fish and Wildlife Service 
8588 Route 148 
Marion, IL  62959 
 
RE:  Response to Informal Agency Comments to the Revised Addendum – AUS OU, Crab Orchard National Wildlife 
Refuge NPL Site. 
 
Dear Ms. Moore: 
 
Enclosed you will find a response revision to address comment #3 of the Informal Agency Comments to the Revised QAPP 
Addendum – AUS OU. 
 
Comment 3: It is unclear what the acceptance criteria will be for the 
Organic free water identified in Section 9.0.  Please verify the QC objectives are sufficient to meet the project objectives.  It 
is important the QAPP clearly identify the specific criteria. 

 
Since it is recognized that there is a need to have a structured process for dealing with the Organic Free Water and its ensured 
purity, the following quality assurance steps have been proposed: 

 
• All Organic free water will be contained in clean glass, which has been dedicated for organic free water 

storage.   
• If the organic free water is being obtained from a purification system, at the initial set up, a sample will be 

taken that will provide the water background and makeup.  From this point on one sample per week will be 
taken and sent to STL to be analyzed for the project specific volatile and metal compounds.  The initial 
sample will be used as the background comparison for the future samples.  A sample will also be taken at the 
changing of the cartridge. 

• Water that is supplied by the laboratory is certified as pure when received from Fischer.  The laboratory 
will provide certification for each lot of water upon request.    

• Equipment blanks will also be utilized to monitor for any potential problems with the organic free water 
quality.  If the Equipment Blank shows signs of contamination, the weekly organic free water analytical 
results will be reviewed.  In the case of the laboratory supplied water the purity certification will be 
reviewed. 

• If it is found that the likely source is the purification system, then use of the purification system water will be 
halted and organic free water from the lab will be used until the problem is rectified. 

• If the laboratory is providing the organic free water being used, then an alternative source with be used until 
the problem is rectified. 
 

Having these processes in place will enable us to monitor the water and correct any issues that may arise quickly and 
proactively.  It is important to also note that to date 72,800 sample points have gone through validation by Ecochem (the 
third-party validator).  Of those 72,800 sample points Ecochem has qualified approximately .03% (or a total of 19 sample 
points) due to equipment blanks.  The process outlined above will help to ensure, to the extent possible, that this continues to 
hold true (as far as organic free water is concerned) throughout the life of the project. 

 

Please except this as the revised response to comment #3.  Should there be any questions, please feel free to contact Dave 
Trainor at the Madison, Wisconsin New Fields office (608) 442-5223 or myself (847) 277-2850.  We look forward to your 
comments, and appreciate your time. 

Respectfully,  

Cheryl Randle 
Senior Quality Assurance Coordinator 
Entrix, Inc. 

 
 

 
 

http://www.entrix.com/


   
November 30, 2006 
 
Ms. Leanne Moore 
U.S. Fish and Wildlife Service 
8588 Route 148 
Marion, IL  62959 
 
RE:  Response to Informal Agency Comment No. 5 – AUS OU, Crab Orchard National Wildlife Refuge NPL Site. 
 
Dear Ms. Moore: 
 
Enclosed you will find an errata and revised response to comment #5 of the Informal Agency Comments to the Revised 
QAPP Addendum – AUS OU. 
 
Comment 5:  TCL is referenced which typically refers to the CLP SOW Target Compound List (TCL) , which does not include 
any of the organophosphorus pesticides (OPPs) or herbicides. 
Suggest removing TCL reference. 

 
Since TCL can commonly be in reference to the CLP SOW Target Compound List, and the methodology being 
utilized for the organophosphorous pesticides (OPPs) or herbicides are SW846 not CLP, any reference made to 
TCL has been removed from the QAPP Addendum document as to avoid further confusion.  

 

Please except this errata and revised response to comment #5.  Should there be any questions, please feel free to contact Dave 
Trainor at the Madison, Wisconsin New Fields office (608) 442-5223 or myself (847) 277-2850.  We look forward to your 
comments, and appreciate your time. 

Respectfully,  

Cheryl Randle 
Senior Quality Assurance Coordinator 
Entrix, Inc. 
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1.0 QAPP ADDENDUM  
This Quality Assurance Project Plan (QAPP) addendum is intended to be used in conjunction with 

the EPA-approved Quality Assurance Project Plan, Crab Orchard Additional and Uncharacterized 

Sites Operable Unit, Crab Orchard NWR, Marion Illinois, Williamson County, FINAL April 2006 

(Entrix 2006)  which was developed for the Crab Orchard National Wildlife Refuge Additional 

Uncharacterized Sites Remedial Investigation/Feasibility Study RI/FS.  This QAPP addendum was 

prepared to specifically address the addition of Organophosphorous Pesticides and Herbicide 

compounds and to supply information on the laboratory that will support the analysis of these 

compounds.  This QAPP addendum is also being utilized to address the following issues: 

 

• Change in distribution address of Ecochem, Inc., the third party validator. 

• The addition of a water purification system as the source of organic free water at the site. 

• Adjustment made to Figure 9.1 of the QAPP; Data Validation Flowchart, Crab Orchard NWR 

• Adjustments made to Figure 2.1 of the QAPP; Project Organizational Chart 

• Additional information and clarification of the sample identification format found in Section 

5.1.1 of the QAPP. 

 

2.0  ADDITION OF A NEW LABORATORY 
2.1 Laboratory Responsibilities 

Analytical Resources, Inc. (ARI) has been selected as the analytical laboratory for the 

Organophosphorous Pesticides and Herbicide analysis portion of this project.  Certificates for 

pertinent accredidation can be found in Appendix B.  ARI is located at: 

 

4611 South 134th Place 

Tukwila, Washington  98168-3240 

(206) 695-6200 

 

The various QA and management responsibilities of key project personnel are defined below: 

Analytical Resources, Inc. –Client Services Manager (CSM) – Susan D. Dunnihoo 
 
The ARI CSM will communicate directly with the ENTRIX Project Manager and will be responsible 

for the following: 

• Scheduling sample analyses with the laboratory; 
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• Verifying COC and accepted samples versus the Project QAPP; 

• Relaying technical issues with the ENTRIX Project Manager; 

• Overseeing data completeness; 

• Overseeing preparation of final data package; and 

• Approving final data package prior to distribution. 

 

Analytical Resources, Inc., - QA Officer – David R. Mitchell 
 

The ARI QA Officer will be responsible for the following: 

• Overview laboratory QA; 

• Overview QA/QC documentation;  

• Overview in-house chain-of-custody (COC); 

• Review laboratory corrective actions; 

• Conduct detailed data review, if corrective action warrants; 

• Review Laboratory Standard Operating Procedures (SOPs). 

 

Analytical Resources, Inc. - Sample Custodian – Brian Kegel 
 
Responsibilities of the ARI Sample Custodian include: 

• Supervise the staff receiving and inspecting the incoming sample containers; 

• Assure staff  records the condition of the incoming sample containers; 

• Assure signatures are obtained for appropriate documents; 

• Assure staff completes the reverifying samples against COC; 

• Notifying CS manager of sample receipt and inspection; 

• Supervise staff assigning unique identification number and customer number to samples in the 

LIMS; 

• Supervise sample transfer to secure storage, where analysts retrieve and document their removal 

for use in analysis.  The sample custodian is also in charge of archiving the samples after they 

are returned by the analysts, and documents its arrival to keep a record of custody. 

• Controlling and monitoring access/storage of samples. 

Analytical Resources, Inc. – Organics Laboratory Manager – Brian Bebee 
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Responsibilities of the ARI Organics Laboratory Manager or his designee include: 

• Manage the staff responsible for sample preparation and analysis; 

• Assure staff completes re-verifying the incoming sample containers before preparation; 

• Define appropriate laboratory QA procedures; and 

• Prepare laboratory Standard Operating Procedures (SOPs) for the section; 

• Oversee preparation of analytical reports; and 

• Perform final data review of analyses. 

Analytical Resources, Inc. Organics Technical Staff  
 
The ARI Technical Staff will be responsible for sample preparation and analysis, scheduling sample 

analysis, identification of corrective actions and archival of extracts.  The analyst is responsible for 

the initial data review, followed by a review from a peer.  The Laboratory Manager reviews the data 

for final approval.  The CSM/Project Manager reviews for completeness.  The QA Officer will 

review any corrective action necessary. 

 

3.0 Quality Assurance Objectives 
3.1 Precision 

3.1.1   Definition  

Precision is the degree of agreement among repeated measurements of the same characteristic 
(analyte, parameter, etc.) under the same or similar conditions (USEPA, 2000). 
 
3.1.2  Laboratory Precision Objectives  

Precision in the laboratory is assessed through RSDs (for three or more replicate samples) and the 

calculation of RPDs.  The equations to be used for precision in this project can be found below.  

Precision control limits are included in the ARI SOPs found in Appendix A of this Addendum. 

 

3.2 Accuracy 

3.2.1 Definition 

Accuracy is the extent of agreement between an observed value (sample results) and the accepted, or 
true, value of the parameter being measured (USEPA, 2000). 
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3.2.3 Laboratory Accuracy Objectives 

Laboratory accuracy is assessed through the analysis of System Monitoring Compounds (SMC), 
Laboratory Control Samples (LCS), Matrix Spikes (MS), Matrix Spike Duplicates (MSD) or Standard 
Reference Materials (SRM) and the determination of percent recoveries (%R).  The data generated 
demonstrate acceptable compound recovery by the laboratory at the time of sample analysis.  The  
(%R) is calculated according to the following formula (USEPA, 2000): 

 
 
 

SOPs for laboratory analyses are provided in Appendix A and contain the required accuracy, 
precision, sensitivity of the analyses.  

 
3.3 Completeness 

3.3.1 Definition 

Completeness is a measure of the amount of valid data obtained from a measurement system 
compared to the amount that was expected to be obtained under normal conditions. 
 

3.3.2 Laboratory Completeness Objectives 

Laboratory completeness is a measure of the amount of valid measurements obtained from all the 
measurements taken in the project.  In this case completeness refers to all measurements that 
correspond to the Organophosphorous Pesticides and Herbicide analyses. The equation for 
completeness is presented below.  Laboratory completeness for this project, and these analyses, 
should be 90 percent or greater.  

     Completeness  =   (number of valid measurements)    X 100 
                       (number of measurements planned)  
 
3.4 Representativeness 

3.4.1 Definition 

Representativeness expresses the degree to which data accurately and precisely represent a 
characteristic of a population, parameter variations at a sampling point, a process condition, or an 
environmental condition. 

 

%R = Spiked Sample Concentration – Unspiked Sample Concentration X 100 
                                        Concentration of Spike Added 
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3.4.2 Measures to Ensure Representativeness of Laboratory Data 

Representativeness in the laboratory is ensured by using the proper analytical procedures, meeting 
sample holding times and analyzing and assessing field duplicate samples. 

 
3.5 Comparability 

3.5.1 Definition 

Comparability is an expression of the confidence with which one data set can be compared with 
another.  Comparability is also dependent on similar QA objectives.   
 
3.5.2 Measures to Ensure Comparability of Laboratory Data 

The criteria for laboratory data comparability will be to ensure that the analytical methods used for 
the RI sampling and analysis events are comparable to the methods used for previous sampling 
events, if applicable. 

 
3.6 Sensitivity 

3.6.1 Definition 

Sensitivity is the ability of the method or instrument to detect the contaminant of concern and other 
target compounds at the level of interest. 

 
3.6.2 Sensitivity of Laboratory Data 

ARI will evaluate and monitor method and instrument sensitivity through the development of 
laboratory method detection limits.  A laboratory fortified blank, a blank that is spiked at the 
quantitation limit, is used in the development of the MDLs.  Sensitivity is measured by calculating 
the percent recovery of the analytes at the quantitation limit.  The SOP for MDL development has 
been provided in Appendix A of the QAPP and includes formulas for calculating analytical 
sensitivity.  MDL studies are conducted on an annual basis, a standard in the laboratory industry.  
Since changes in limits can occur over the life of a project, any changes in the MDLs as a result of 
these studies, or for any other reason, will be reported to USFWS via the Quality Control Summary 
Report. 
 
The level of QC effort provided by the laboratory will be equivalent to the level of QC effort 
specified under the contract laboratory program (CLP) for the Routine Analytical Service parameters 
to be tested.  All data packages submitted to ENTRIX and NewFields will be Level IV, CLP 
equivalent.  Please note that CLP is simply referenced as such.  SW-846 methods will be used. 
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4.0 Calibration  Procedure and Frequency 
4.1 Laboratory Instrument Calibration 

4.1.1 OP-Pesticide Analysis by 8270D  

Prior to calibration, the instrument(s) used for Gas Chromatograph/Mass Spectrometer (GC/MS) 
are tuned by analysis of decafluorotriphenylphosphine (DFTPP).  The instrument tune will be 
verified each 12 hours of operation.  Once the tuning criteria are met, the instrument will be initially 
calibrated by using a minimum five-point calibration curve, and the calibration verified using a 
second source standard. The calibration standards will be USEPA or National Institute of Standards 
and Technology (NIST) traceable and are spiked with internal standards and surrogate compounds.  
Calibration standards used as reference standards will be traceable to the NIST or USEPA when 
existent.   

 

Continuing calibrations (CCAL) are analyzed as specified in the method, or at least each working 
day, using criteria specified by the method. 

 

4.1.2  Herbicide Analysis by method 8151 

The instrument will be initially calibrated by using a minimum five-point calibration curve, and the 
calibration verified using a second source standard. The calibration standards will be USEPA or 
National Institute of Standards and Technology (NIST) traceable and are spiked with surrogate 
compounds.   

 

Calibration Verification Standards (CVSs) must be run at the start and end of a run sequence and 
after every 10 sample injections within an analytical sequence and must meet the minimum 
requirements of the method.  No more than 12 hours may elapse between the injection of the 
opening CVS and the closing CVS.  

 

5.0 Analytical Methods 
 
 5.1 Description – Organophosphorous Pesticides 

TCL organophosphorus pesticides will be extracted using separatory funnel extraction for aqueous 
samples and sonication for solid sample extraction.Aqueous samples are extracted at neutral pH 
with methylene chloride.  Solid samples are extracted twice with methylene chloride/acetone (1:1) 
followed by one extractionwith methylene chloride only.  The extracts are analyzed using gas 
chromatography/mass spectrometer (GC/MS). 
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 5.2 Description - Herbicides 

TCL Herbicides will be extracted using separatory funnel extraction for aqueous samples and 
sonication for solid samples.  Aqueous samples are extracted using Hydrolysis followed by 
Separatory funnel extraction at a pH of <2.0 with Methylene Chloride/Acetone (70:30) followed by 
Methylene Chloride/Hexane (70:30).  Solid samples are extracted with Methylene Chloride/acetone 
(70:30), followed by Hexane/Methylene Chloride (70:30) using Sonication, followed by Hydrolysis, 
with a clean-up and back-extraction.   Extracts are analyzed using dual column GC/ECD. 
 
5.3 Quantitation Limits and ESV’S 

Method detection limits, reporting limits, and ecological benchmarks can be found in this QAPP 
Addendum as tables 1, 2, 3 and 4. 

 

6.0 Laboratory Data Reduction Procedures 

Laboratory data reduction procedures will be followed according to the following protocol.  All 
references to raw analytical data will be recorded in numerically identified laboratory notebooks.  
These notebooks will be issued by the ARI QA Manager.  Data are recorded in this notebook along 
with other pertinent information, such as the sample identification number and the sample tag 
number.  Other details will also be recorded in the lab notebook, such as the analytical method used 
(SOP#), name of analyst, the date of analysis, matrix sampled, reagent concentrations, instrument 
settings, and the raw data.  Each page of the notebook shall be signed and dated by the analyst.  
Copies of any strip chart printouts (such as gas chromatograms) will be maintained on file.  Periodic 
review of these notebooks by the ARI QA Manager takes place prior to final data reporting.  
(Records of notebook entry inspections are maintained by the ARI QA Manager.) 

 
QC data (e.g., laboratory duplicates, SMCs, SRM, MSs, and MSDs) will be compared to the method 
acceptance criteria.  Data considered to be acceptable will be entered into the laboratory computer 
system.  Data summaries will be sent to the ARI QA Manager for review.  If approved, data are 
logged into the project database format.  The laboratory shall appropriately flag unacceptable data in 
the data package. 

 
At ARI, raw analytical data requiring manual documentation are recorded on benchsheets 
associated with each project file.  Data are recorded on each benchsheet along with other pertinent 
information, such as the sample identification number and the sample tag number.  Other details are 
recorded on each benchsheet, such as the analytical method used, name of analyst, the date of 
analysis, matrix sampled, reagent ID and concentrations,.  Each benchsheet shall be signed and 
dated by the analyst and any spike witnesses. Bound notebooks are maintained for run logs for each 
instrument, and each page is signed by the analyst.  Copies of all other raw data (tunes, calibrations, 
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quantitation reports, chromatograms, analyst notes, requests for re-extracts, LIMS worklists for data 
entry or data imports) will be maintained in each project file and electronically. 

 
QC data (e.g., tunes, calibrations, laboratory duplicates, SMCs, SRM, MDs, MSs, and MSDs) will be 
compared to the method acceptance criteria.  Data considered to be acceptable will be entered into 
LIMS worklists and peer reviewed.  LIMS worklists along with the associated raw data will be 
submitted to the ARI Organic Manager or designee for review.  If approved, data are distributed 
into the LIMS database for generation of final reports and EDDs. As referenced in section 9.1 of the 
QAPP, the Region 5 EDD format will be used for this project.  An example of the EDD format can be 
found at the following web address: http://www.epa.gov/superfund/programs/clp/sedd.htm. 

 
6.1 Chemistry Data Reporting 

Case narratives will be prepared to include information concerning data that fell outside laboratory 
acceptance limits, and any other anomalous conditions encountered during sample analysis.  The 
CLP equivalent Level IV data package shall include the following data elements: 

 
1. Case Narrative:   
 
• Any deviations from intended analytical strategy 

• Laboratory lot number/sample delivery group (SDG) 

• Numbers of samples and respective matrices 

• QC procedures utilized and also references to the acceptance criteria 

• Laboratory report contents 

• Project name and number  

• Condition of samples 'as-received' 

• Discussion of whether or not sample holding times were met 

• Discussion of technical problems or other observations which may have created 
analytical difficulties 

• Discussion of any laboratory QC checks which failed to meet project criteria 

• Signature of the QA Manager 

 
2. Chemistry Data Package 

 
• Case narrative for each analyzed batch of samples 

• Summary page indicating dates of analyses for samples and laboratory QC checks 

• Cross referencing of laboratory sample to project sample identification numbers 
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• Data qualifiers to be used should be adequately described 

• Sample preparation and analyses for samples  

• Sample results 

• Raw data for sample results and laboratory QC samples 

• Results of (dated) initial and continuing calibration checks, and GC/MS tuning results 

• MS and MS duplicate recoveries, laboratory control samples, method blank results, 
calibration check compound, and system performance check compound results 

• Labeled (and dated) chromatograms/spectra of sample results and laboratory QC 
checks 

• Preparation factors and logbook notations 

 
The laboratory shall also prepare and verify an EDD.  The format of the EDD shall be in the 
approved Region 5 format. 

 
1. For this investigation, ARI will provide a standard or 21-day turn-around-time for the 

analytical data package and EDD.  The 21-day timeframe begins the day the ARI 
receives a given sample for analysis. 

 

  7.0 PREVENTIVE MAINTENANCE 
   7.1 Preventative Maintenance Procedure 

Prior to the analysis of an initial calibration sequence, the following procedures should be followed. 

• If needed, change the glass wool and, possibly, the injector liner itself. 

• If needed, change the septum.  Some GC-ECD instruments use “Merlin” mechanical 

septa to minimize retention time drift.  These should be changed after 2000 injections 

(approximately), or sooner if drift is noticed and a Merlin leak is verified.  Normal GC 

septa should be replaced at least once per 150 injections.  Changing the septum during 

an analytical sequence should be avoided, if possible.  If a septum is changed during a 

run, immediately run a standard to verify retention times and response factors. 

• Check all column connections and injector/detector fittings. 

• Refill solvent rinse vials. 

• Bake the GC oven at 275° - 310°C (depending on the column(s) installed) for at least half 

an hour. 

• Gas cylinder traps should be replaced annually. 

• ECD detectors should be wipe tested every six months for radiation leaks 
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• Clean out cooling fans annually 

• Check or replace diffusion pump fluid annually (GC/MS) 

• Lubricate sideplate or vent valve O-rings annually (GC/MS) 

• Calibration vial should be check annually (GC/MS) 

• Foreline pump oil for should be checked annually (GC/MS) 
 

 8.0 SAMPLING PROCEDURES 
 
The sampling procedures to be used in this investigation have been selected to achieve the goals of 

the DQOs outlined in Section 1 of the QAPP.  The RI/FS Work Plan and FSP outline all the sampling 

procedure information.  

 
8.1 Sample Identification 

The sample identification format for this investigation has been adjusted for smoother use 
throughout the life of the project.  The ID is designed to uniquely identify each sample from each 
sampling program and event.  This portion of this QAPP Addendum has been written to satisfy the 
adjustments that have been made and replace that which has been detailed in Section 5.1.1 of the 
QAPP.  An example of the sample format is as follows, and is described below: 
 

"AUS-OA2B-004-SL-05" 
 
• AUS-___-___-___-___: All samples will have the "AUS" prefix; 

• ____-OA2B-___-___-___: The second part of the number identifies the AUS OU site.  The 
example describes Area 2B; 

• ___-___-004-___-___: The third part of the number identifies the sample location within 
that area; 

• ___-___-___-SL-___: The fourth part of the number identifies the media (i.e., SS=soil; 
SD=sediment; GW=groundwater; SW=surface water; SL=sludge).  The fourth part also 
identifies a QC sample where appropriate (EB=equipment blank; TB=trip blank) 

• ___-___-___-___-0005: The last part of the number identifies the sample depth in feet, to 
the nearest foot of the bottom of the sample interval.  For example if the sampling depth 
is 0-.5’; then the last four digits would read “0005”.  If the sampling depth is 6’-10’; then 
the last four digits would read “0610”.  If there is a case where the depth is not 
applicable (i.e. surface water) the last four digits would read “0000”. 

• For samples of waste material and samples collected from drums, the fourth and fifth 
positions will be replaced by a four-digit descriptor such as “drum” for a drum sample. 
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To ensure that duplicate samples cannot be distinguished from the original sample at 
the laboratory, a duplicate sample will hold all of the same information as its parent 
sample with the exclusion of the four-digit descriptor in the 5th position.  Duplicate 
samples along with all other field QC sample locations will be numbered sequentially in 
the 5th position, starting with 3000 for sampling performed by Entrix, and 5000 for 
sampling performed by CRA.  The notes taken in the field log will detail the original 
sample for which the duplicate has been taken.   

 
8.2 Sample Containers, Sample Preservation and Maximum Holding Times  

Samples collected for analysis will be contained and preserved in accordance with USEPA approved 
procedures.  

 
All sample containers used for sample collection and analysis for this project will be prepared 
according to the procedures contained in the USEPA document, Specifications and Guidance for 
Obtaining Contaminant-Free Sample Containers, dated December 1992.  This document specifies the 
acceptable types of containers, the specific cleaning procedures to be used before samples are 
collected, and QA/QC requirements relevant to the containers and cleaning procedures.  ARI 
and/or STL will supply all sample containers utilized for this investigation.  If field personnel 
observe any cracked, dirty, or the appropriate preservative missing in the sample bottles, those 
bottles will be discarded and ARI and/or STL will be notified of the problem to prevent its 
re-occurrence.    

 
 The following provides a discussion of information provided in that table, presented by matrix and 
analytical groups. 

 
8.2.1 Sample Containers for Solid Matrix 

Solid matrix samples for this investigation include soils and sediments.  These samples will be 
submitted to ARI for the following analyses: organophosphorous Pesticides and Herbicides.   

 
 a. Soil samples for Organophosphorous Pesticides and Herbicides analysis will be 

collected in one 8oz glass jar for both analyses, and stored and transported to the 
laboratory at 4 degrees Celsius (C) +2 degrees C.  Soil samples for these analyses 
have 14 days to extraction and 40 days thereafter for analysis.  

b. Sediment samples will be collected with a sediment corer whenever possible.  If the 
depth of sediment is insufficient for discrete samples, composite samples will be 
collected as described in Section 4.1.1 of the FSP.  After the sample is collected, it 
will be placed in a 8-ounce glass jar and preserved at 4 degrees C+2 degrees C, with 
a 14-day holding time before extraction and analysis.  
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8.2.2      Sample Containers for Aqueous Matrices 

For this investigation, aqueous samples will be collected and submitted to ARI for analysis of 
Organophosphorus Pesticides, and Herbicides.  Two 500ml Amber glass jars will be used per 
analyses.  When collecting for duplicates, one more Amber glass jar will be required per each 
analysis. 

 
8.2.3  Sample Bottle decontamination 

Sample bottles will be decontaminated in accordance with the USEPA document "Specifications and 
Guidance for Obtaining Contaminant-Free Sample Containers, December 1992". 

 
 

8.3 Sample Handling, Packaging and Shipment  

The sampling team will assist the ENTRIX and/or CRA Field Supervisor with the preparation of 
samples being run for Organophosphorous Pesticides and Herbicides to be shipped to ARI. 
Following sample collection, the exterior of the sample containers will be decontaminated near the 
sampling location. Sample documentation and packaging will be performed in accordance with the 
procedures outlined in A Compendium of Superfund Field Operations Methods (USEPA, December 
1987). Samples will be packaged for shipment as outlined in the FSP. 
 

9.0 Organic Free Water 
 
Organic free water will be used at the site as the final rinse during the decontamination of 
equipment.   It will also be used when collecting equipment blanks for analysis at the laboratory.  
Organic free water is available through the laboratory and will be received from them when 
necessary.  However, because of the volume of water that will be needed for a project as large as 
this, a water purification system that will produce organic free water will be put into place.  This 
purification system will contain a reverse osmosis system on its front end and will get the water 
supply intake from available potable water.  The water will then flow through the system making its 
final pass through an organic free filter/cartridge before being made available for use.  Organic free 
water will be stored in clean glass, TeflonR, or stainless steel containers.  QC objectives will be set up 
according to the manufacturer’s specifications as well as industry standards.  One sample per week 
will be taken and sent to STL to be analyzed for the project specific volatile compounds, and 
compared to the project objectives for volatiles, to keep the water quality in check.  A sample will 
also be taken with the changing of the cartridge.  Due to the mobile nature of volatile organic 
compounds, the project specific Method 8260 list will be analyzed.   A log will be developed to 
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monitor the system and note any service checks.  A service plan will be implemented according to 
manufacturer’s specifications to proactively take care of issues before they become problems and 
keep the system running properly.   
 

10.0 Update to Distribution List 

 
The address for EcoChem, Inc. has changed.  The new and updated address is the following: 
 
Eric Strout 
EcoChem, Inc. 
Dexter Horton Building 
710 Second Ave., Suite 660 
Seattle, WA  98104 
(206) 233-9332 
estrout@ecochem.net 
Number of Copies - 1 
 
 

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

TABLES 



Table 1
Ecological Benchmarks, Method Detection Limits, and Reporting Limits for Organophosphate Pesticides in an Aqueous 

Matrix  

Method 
Detection

Limit5
Reporting

Limit

Ecological 
Screening 

Value1

ug/L ug/L ug/L
Azinphos, methyl3 86-50-0 0.0647 1 0.01
Bidrin (dicrotophos)2 141-66-2 0.159 0.5 0.04
Bolstar2 35400-43-2 0.00141 0.2 0.15
Chlorpyrifos3 2921-88-2 0.00397 0.04 0.04
Chlorfenvinphos2 470-90-6 0.00818 0.2 0.04
Ciodrin2 7700-17-6 0.01423 0.2 0.66
Coumaphos2 56-72-4 0.00826 0.2 15
Demeton3 8065-48-3 0.0022 0.2 0.1
Diazinon3 333-41-5 0.00546 0.04 0.17
Dichlorvos2,6 62-73-7 0.00954 0.08 0.006
Dimethoate2 60-51-5 0.00307 0.2 0.2
Disulfoton4 298-04-4 0.00335 0.04 0.037
Epn (ent)2 2104-64-5 0.00561 0.2 0.01
Ethion2 563-12-2 0.00689 0.2 0.006
Ethoprop2 13194-48-4 0.00564 0.2 0.44
Fensulfothion2 115-90-2 0.0646 0.5 1
Fenthion2 55-38-9 0.0048 0.2 0.04
Malathion3 121-75-5 0.00628 0.2 0.1
Merphos2 150-50-5 0.267 1 130
Methyl Parathion4 298-00-0 0.00154 0.2 0.02
Mevinphos2 7786-34-7 0.00379 0.04 0.016
Naled2,6 300-76-5 0.00954 0.08 0.036
Parathion (niran)3 56-38-2 0.0039 0.2 0.013
Phorate4 298-02-2 0.00239 0.04 0.21
Ronnel2 299-84-3 0.00352 0.2 0.18
Stirofos2 22248-79-9 0.00289 0.2 0.19
Thiodiphosphoric acid 3689-24-5 0.04 0.2 0.023
Tokuthion2 3464-346-4 0.00623 0.2 0.13

Note: These screening values are preliminary and are subject to modification, compiliation, and review of additional information.
AWQC - Ambient water quality criterion
EC50 - Concentration at which an effect was observed to 50% of test organisms.
LC50 - Concentration lethal 50% of test organisms.

LOEC - Lowest observed effect concentration
NA - Not available - data have not yet been identified.
OPP - USEPA Office of Pesticide Programs

2 USEPA AQUIRE database - freshwater organisms (http://www.epa.gov/ecotox/)
3 USEPA Ambient Water Quality Criterion for the protection of aquatic life - chronic

5Method Detection Limits based on Analytical Resources, Inc. results.
6Dichlorvos and Naled are coeluting compounds.
ug/L - micrograms per Liter

 

1 Screening values were derived by applying the following uncertainty factors to study endpoints: 
    LC50,EC50 - 10 
    LOEC - 5 
    (above ratios were based on conservative acute:chronic and LOEC:NOEC ratios using available data)

4 From USGS 2006.  Pesticides in the Nations Streams and Groundwater, 1992-2001. Circular 1291.  
Derived from USEPA Reregistration Eligibility Decisions and ecological risk assessments from the Office of Pesticide Programs. 
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Table 2
Ecological Benchmarks, Method Detection Limits and Reporting Limits for Organophosphate Pesticides in a Solid 

Matrix  

Method 
Detection 
Limits3

Reporting 
Limits

Ecological 
Screening 

Value
ug/Kg ug/Kg ug/Kg

Azinphos, methyl1 86-50-0 17.8 100 32000
Bidrin (dicrotophos) 141-66-2 2.51 20 NA
Bolstar 35400-43-2 0.94 20 NA
Chlorpyrifos2 2921-88-2 1.26 4 10
Chlorfenvinphos 470-90-6 3.89 20 NA
Ciodrin 7700-17-6 1.65 20 NA
Coumaphos 56-72-4 1.26 20 NA
Demeton 8065-48-3 3.66 20 NA
Diazinon1 333-41-5 1.94 4 270
Dichlorvos4 62-73-7 3.42 8 NA
Dimethoate2 60-51-5 1.04 20 218
Disulfoton 298-04-4 2.5 4 NA
Epn (ent) 2104-64-5 0.86 20 NA
Ethion 563-12-2 0.93 20 NA
Ethoprop 13194-48-4 1.56 20 NA
Fensulfothion1 115-90-2 16.3 50 51
Fenthion 55-38-9 3.76 20 NA
Malathion2 121-75-5 1.33 20 100000
Merphos 150-50-5 75.9 100 NA
Methyl Parathion 298-00-0 0.92 20 NA
Mevinphos 7786-34-7 1.72 4 NA
Naled4 300-76-5 3.42 8 NA
Parathion (niran)2 56-38-2 0.88 20 0.34
Phorate2 298-02-2 4.78 4 0.496
Ronnel 299-84-3 1.6 20 NA
Stirofos 22248-79-9 0.87 20 NA
Thiodiphosphoric acid 
tetraethyl ester2 3689-24-5

4 20 596
Tokuthion 3464-346-4 1.87 20 NA

NA - Not available - data have not yet been identified.
EC50 - Concentration at which an effect was observed to 50% of test organisms.

NOEC - No observed effect concentration
LETC - Lethal Threshold Concentration

Uncertainty factor of 100 applied to LETC (28d Lumbricus  mortality) and EC100 (7d Allolobophora caliginosa  weight)
1USEPA ECOTOX Database (http://www.epa.gov/ecotox)
2USEPA Region 5 Ecological Screening Levels (http://www.epa.gov/Region5/rcraca/edql.htm)
3Method Detection Limits based on Analytical Resources, Inc. results.
4Dichlorvos and Naled are coeluting compounds.
ug/Kg - micrograms per Kilogram

 

Uncertainty factor of 10 was applied to chronic EC50 (35d Folsomia candida  survival) to derive NOEC.

Note:  These screening values are preliminary and are subject to modification following compilation and review of additional 
information.

Analyte CAS#



Table 3
Ecological Benchmarks, Method Detection Limits, and Reporting Limits for Herbicides in Aqueous Matrices

Method 
Detection

Limit3
Reporting

Limit

Ecological 
Screening 

Value1

ug/L ug/L ug/L
2,4-D (2,4-dichlorophenoxyacetic acid)2 86-50-0 0.079 1 2
2,4-DB (2,4-dichlorophenoxy butyric acid)2 141-66-2 0.27 5 20
2,4,5-T (2,4,5-trichlorophenoxyacetic acid)2 35400-43-2 0.013 0.25 0.13
2,4,5-TP (2,4,5-trichlorophenoxy proprionic acid) 2 2921-88-2 0.069 0.25 3.4
Alachlor4

470-90-6 40 200 0.016
 

Note:These screening values are preliminary and are subject to modification compiliation and review of additional information.
1For Herbicides - Screening values were derived by applying the following uncertainty factors to study endpoints:
LC50 - 100
LOEC - 10
NOEC - 1
Where LC50 = Concentration lethal 50% of test organisms; LOEC = Lowest observed effect concentration
2 USEPA AQUIRE database - freshwater organisms (http://www.epa.gov/ecotox/)
3Method Detection Limits based on Analytical Resources, Inc. results.
4Reported value based on 75% recovery of a 400 ng/L Alachlor spike and 75% recovery of a 100 ng/L spike.
ug/L - micrograms per Liter

Herbicides SW846 Method 8151 CAS Number
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Table 4
Ecological Benchmarks, Method Detection Limits, and Reporting Limits for Herbicides in a Solid Matrix 

Method 
Detection

Limit3
Reporting

Limit

Ecological 
Screening 

Value1

ug/Kg ug/Kg ug/Kg
2,4-D (2,4-dichlorophenoxyacetic acid) 86-50-0 13.8 33 NA
2,4-DB (2,4-dichlorophenoxy butyric acid) 141-66-2 44.2 170 NA
2,4,5-T (2,4,5-trichlorophenoxyacetic acid)2 35400-43-2 2.72 8.3 596
2,4,5-TP (2,4,5-trichlorophenoxy proprionic acid) 2921-88-2 3.41 8.3 NA
Alachlor4

470-90-6 4 2 NA

Note:These screening values are preliminary and are subject to modification compiliationand review of additional information.
1For Herbicides - Screening values were derived by applying the following uncertainty factorsto study endpoints:
LC50 - 100
LOEC - 10
NOEC - 1
Where LC50 = Concentration lethal 50% of test organisms; LOEC = Lowest observed effect concentration

3Method Detection Limits based on Analytical Resources, Inc. results.
ug/Kg - micrograms per Kilogram
4Reported value based on 75% recovery of a 400 ng/L Alachlor spike and 75% recovery of a 100 ng/L spike.

2 From USGS 2006.  Pesticides in the Nations Streams and Groundwater, 1992-2001. Circular 1291.  
Derived from USEPA Reregistration Eligibility Decisions and ecological risk assessments from the Office of Pesticide Programs. 

Herbicides SW846 Method 8151 CAS Number#
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Table 5
Ecological Benchmarks, Method Detection Limits and Reporting Limits for Organophosphate Pesticides in Sediment

Method 
Detection 

Limit3
Reporting 

Limit

Ecological 
Screening 

Value
ug/Kg ug/Kg ug/Kg

Azinphos, methyl1,8 86-50-0 17.8 100 0.088
Bidrin (dicrotophos)7 141-66-2 2.51 20 0.147
Bolstar8 35400-43-2 0.94 20 0.001
Chlorpyrifos2,7 2921-88-2 1.26 4 2.732
Chlorfenvinphos12 470-90-6 3.89 20 0.236
Ciodrin 7700-17-6 1.65 20 NA
Coumaphos9 56-72-4 1.26 20 13.845
Demeton 8065-48-3 3.66 20 NA
Diazinon1,6 333-41-5 1.94 4 1.9
Dichlorvos4,7 62-73-7 3.42 8 0.002
Dimethoate2,6 60-51-5 1.04 20 N/A
Disulfoton6 298-04-4 2.5 4 324
Epn (ent)10 2104-64-5 0.86 20 0.4
Ethion7 563-12-2 0.93 20 0.792
Ethoprop8 13194-48-4 1.56 20 0.708
Fensulfothion2,8 115-90-2 16.3 50 0.0715
Fenthion8 55-38-9 3.76 20 0.748
Malathion2,6 121-75-5 1.33 20 0.67
Merphos7 150-50-5 75.9 100 81120
Methyl Parathion6 298-00-0 0.92 20 N/A
Mevinphos8 7786-34-7 1.72 4 0.0002
Naled4,7 300-76-5 3.42 8 0.034
Parathion (niran)2,6 56-38-2 0.88 20 0.757
Phorate3,6 298-02-2 4.78 4 N/A
Ronnel7 299-84-3 1.6 20 3.614
Stirofos7 22248-79-9 0.87 20 0.546
Thiodiphosphoric acid tetraethyl ester2,5 3689-24-5 4 20 N/A
Tokuthion11 3464-346-4 1.87 20 0.01

NA - Not available - data have not yet been identified.
EC50 - Concentration at which an effect was observed to 50% of test organisms.
NOEC - No observed effect concentration
LETC - Lethal Threshold Concentration

Uncertainty factor of 100 applied to LETC (28d Lumbricus  mortality) and EC100 (7d Allolobophora caliginosa  weight)
1 - USEPA ECOTOX Database (http://www.epa.gov/ecotox)
2 - USEPA Region 5 Ecological Screening Levels (http://www.epa.gov/Region5/rcraca/edql.htm)
3Method Detection Limits based on Analytical Resources, Inc. results.
4Dichlorvos and Naled are coeluting compounds.
5 Values are performance based on 75% recovery of a 400 ng/L Alachor spike and 75% of a 100 ng/L spike.  More detailed study in progress.

Uncertainty factor of 10 was applied to chronic EC50 (35d Folsomia candida  survival) to derive NOEC.

Note:  These screening values are preliminary and are subject to modification following compilation and review of additional information.

Analyte CAS#
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Table 5
Ecological Benchmarks, Method Detection Limits and Reporting Limits for Organophosphate Pesticides in Sediment

Note:  Sediment ESV calculated by Equilibrium Partitioning Method, assuming 1% as the sediment organic content and using:
6Water Quality Criteria as specified in IEPA Agency Comments on the Quality Assurance Project Plan Addendum, June, 2006 (IEPA, August, 2006).
7Organic Carbon Partitioning Coefficient values based upon numbers found in the Risk Assessment Information System (RAIS) database.
8S. Orme and S. Kegley, PAN Pesticide Database, Pesticide Action Network (http://www.pesticideinfo.org).
9USEPA Office of Pesticides and Toxic Substances Memorandum Subject: Revised Tier 1 Drinking Water Assessment for Coumaphos.
10USDA ARS Pesticide Properties Database (May, 1995).
11Texas Commission on Environmental Quality (TCEQ) Table for 1993 Risk Reduction Rule (March 31, 2006).
12Syracuse Research Corporation (SRC) (www.syrres.com)
ug/Kg - micrograms per Kilogram
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Table 6
Ecological Benchmarks, Method Detection Limits, and Reporting Limits for Herbicides in Sediment

Method 
Detection

Limit2
Reporting

Limit

Ecological 
Screening 

Value1

ug/Kg ug/Kg ug/Kg
2,4-D (2,4-dichlorophenoxyacetic acid)3 86-50-0 13.8 33 0.9
2,4-DB (2,4-dichlorophenoxy butyric acid)4 141-66-2 44.2 170 22
2,4,5-T (2,4,5-trichlorophenoxyacetic acid)4 35400-43-2 2.72 8.3 0.36
2,4,5-TP (2,4,5-trichlorophenoxy proprionic acid)5 2921-88-2 3.41 8.3 6.5
Alachlor4 470-90-6 4.0 2.0 68

Note:These screening values are preliminary and are subject to modification compiliation and review of additional information.
1For Herbicides - Water quality values were derived by applying the following uncertainty factors to study end points:
LC50 - 100
LOEC - 10
NOEC - 1
Where LC50 = Concentration lethal 50% of test organisms; LOEC = Lowest observed effect concentration
and using the USEPA AQUIRE database - freshwater organisms (http://www.epa.gov/ecotox/) as well as USGS Pesticides in the Nations Streams and Groundwater, 1992-2001
Circular 1291.  Derived from USEPA Reregistration Eligibility Decisions and ecological risk assessments from the Office of Pesticide Programs.
2Method Detection Limits based on Analytical Resources, Inc. results.
ug/Kg - micrograms per Kilogram
Note:  Sediment ESV calculated by Equilibrium Partitioning Method, assuming 1% as the sediment organic content and using water quality values derived from the above noted method.
3S. Orme and S. Kegley, PAN Pesticide Database, Pesticide Action Network (http://www.pesticideinfo.org).
4USDA ARS Pesticide Properties Database (May, 1995).
5USEPA Office of Pesticides and Toxic Substances Memorandum Subject: Revised Tier 1 Drinking Water Assessment for Coumaphos.

Herbicides SW846 Method 8151 CAS 
Number#
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Orgnophosphorous Pesticide Analysis  8/25/06 
EPA Method 8270D (GC-MS-SIM) 

GC-MS Analysis – Selective Ion Monitoring (SIM) 

1. Scope and Application 
1.1. This SOP describes the use of gas chromatography/mass spectrometry (GC/MS) using selective 

ion monitoring (SIM) to determine the concentration Organophosphorous pesticide compounds 

listed in Appendix 20.2 in extracts prepared from various types of solid waste matrices, soils, 

tissues, sediments and waters.  Some text has been taken directly from the analytical methods 

referenced in Section 19 

1.2. Routine reporting limits (RL) for each compound are listed in Appendix 20.2.  RLs will be 

proportionately higher for sample extracts that require dilution to avoid saturation of the detector 

and/or display chromatographic interference. 

1.3. This method is restricted to use by or under the supervision of analysts experienced in the use of 

gas chromatograph/mass spectrometers and skilled in the interpretation of mass spectra.  Each 

analyst must demonstrate the ability to generate acceptable results with this method. 

2. Summary of Procedure 
2.1. An measured amount of sample, normally 500 mL for aqueous samples and 7.5 grams for solid 

samples) is extracted by a matrix appropriate technique.  Sample extraction is continuous liquid-

liquid extraction or separatory funnel extraction for aqueous samples and sonication for solid 

samples.  Section 1.1 lists other sample matrices and extraction methods amenable to analysis 

using this method.  The extracted sample may be subjected to an appropriate cleanup and 

concentrated as described in ARI’s sample preparation SOPs.  Routine final volumes are 0.5 mL 

for aqueous samples and either 0.5 or 1 mL for solid samples. 

2.2. Sample extracts are analyzed using GC-MS with the MS in the SIM mode. Prior to analysis the 

GC/MS system is tuned and calibrated as described later in this document. Target analytes are 

identified by comparing their chromatographic retention times and mass spectra with known 

standards. Detected analytes are quantified by comparing their mass spectral response with that 

of standards of known concentrations relative to an internal standard. 

3. Definitions 
3.1. Analytical Batch- 

3.2. DDT Breakdown Factor- the ratio of the sum of the areas of the DDT breakdown products (DDD 

and DDE) divided by the summated areas of DDT and the DDT breakdown products. The factor is 

used to measure injector inertness. 

3.3. DFTTP (decafluorotriphenylphosphine) 
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3.4. Extracted Ion Current Profile (EICP) - plot of the abundance of a specific ion as a function of 

time. 

3.5. Laboratory Control Sample is a volume of clean reference matrix (reagent water for water 

samples, or sodium sulfate for soil/sediment samples) that is carried through the entire analytical 

procedure.  The LCS is spiked with all surrogates and target analytes required by the method. 

3.6. Laboratroy Information Management System (LIMS) 

3.7. Limit of detection (LOD) 

3.8. Method Blank: a volume of clean reference matrix (reagent water for water samples, or sodium 

sulfate for soil/sediment samples) that is carried through the entire analytical procedure.  The 

volume or weight of the reference matrix must be approximately equal to the volume or weight of 

samples associated with the blank.  The purpose of a method blank is to determine the levels of 

contamination associated with the processing and analysis of samples. 

3.9. Matrix Duplicates are replicate aliquots of the same sample taken through the entire analytical 

procedure Matrix Spike Analysis 

3.10. Peak Tailing Factor- A measure of the relative activity / inertness of the chromatographic 

system as defined in Appendix 20.6. 

3.11. Reconstructed Ion Current (RIC) - plot of the total instrument response versus time. 

3.12. Relative Retention Time (RRT) - the elution time of an analyte relative to the elution time of its 

associated internal standard. 

3.13. Sample Deliver Group 

3.14. Scan Descriptor- the summary of masses and scan time per mass the mass spectrometer uses 

through the chromatographic run. 

3.15. Second Source Standard 

3.16. Selected Ion Monitoring (SIM) - a mode of data acquisition wherein the mass spectrometer is 

programmed to scan for a limited number of specific masses, increasing the amount of time spent 

searching for each of these masses. 

3.17. Standard Reference Material  (SRM) or Certified Reference Material (CRM) 

3.18. Surrogate Standards are compounds chemically similar to target analytes that are added to a 

sample prior to the extraction process.  The recovery of surrogates is used to evaluate extraction 

efficiency.  Surrogates are halogenated or isotope labeled compounds not expected to be detected 

in environmental samples that are added to every sample analyzed. 

4. Interferences 
4.1. All GC/MS data (method blanks, samples, and spikes) must be evaluated for interferences.  

Analysts determine the source of interference and generate a Corrective Action Issue. 
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4.2. Contamination by sample to sample carryover may occur whenever high-concentration and low-

concentration samples are analyzed sequentially.  The autosampler syringe is rinsed with solvent 

between samples to reduce possible carryover.  It is prudent to follow an unusually concentrated 

sample with an analysis of an instrument blank to check for cross contamination. 

5. Safety 
5.1. The toxicity and carcinogenicity of sample extracts and calibration standards used in this method 

are not precisely defined.  Treat extracts and standards as health hazards, and reduce exposure 

to them as much as possible. 

5.1.1. Skin contact with all chemicals should be minimized by the used of nitrile gloves, safety 

glasses, and laboratory coats. 

5.1.2. All sample extracts and standard solutions must be handled in a fume hood to avoid 

exposure to fumes. 

5.2. ARI maintains a current awareness file of Occupational Safety and Health Administration (OSHA) 

regulations regarding the safe handling of the chemicals specified in this method. A reference file 

of material safety data sheets (MSDS) is available to all personnel involved in the chemical 

analysis. Consult MSDS sheets for specific safety information prior to handling a solvent or 

reagent. 

6. Equipment and Supplies 
6.1. Gas chromatograph/mass spectrometer system 

6.1.1. Gas chromatograph - An analytical system complete with a temperature-programmable 

gas chromatograph suitable for splitless injection and all required accessories, including 

syringes, analytical columns, autosampler, and gases.  The capillary column should be 

directly coupled to the source of the mass spectrometer. 

6.1.2. Fused-silica capillary column - 30 m x 0.32 mm ID (or 0.25 mm ID)  0.25 -0.5 µm film 

thickness coated with cross bonded 5% diphenyl/95% dimethyl polysiloxane stationary 

phase (Phenomonex ZB-5 or equivalent).  

6.1.3. Mass spectrometer - Capable of scanning from 35 to 500 amu in 1 second or less  The 

mass spectrometer must be capable of producing a mass spectrum for 

decafluorotriphenylphosphine (DFTPP) which meets all of the criteria in Appendix 20.3 when 

1-2 µL of the GC/MS tuning standard is injected onto the GC (25-50 ng of DFTPP).  

6.1.4. GC/MS interface – ARI uses capillary-direct into the mass spectrometer source interface. 
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6.2. Data system - A computer system must be interfaced to the mass spectrometer.  The system 

must allow the continuous acquisition and storage on machine-readable media of all mass spectra 

obtained throughout the duration of the chromatographic program. 

6.2.1. The computer must have software that can search any GC/MS data file for ions of a 

specific mass and that can plot such ion abundances versus time or scan number.  This type 

of plot is defined as an Extracted Ion Current Profile (EICP).  Software must also be 

available that allows integrating the abundances in any EICP between specified time or 

scan-number limits. 

6.2.2. A mass spectral library utilizing a specific Orgophosphorous Pesticide scan descriptor 

must be created to provide library search information for automated compound identification 

and data reduction. The mass spectral library should be created using the midpoint of the 

initial calibration. The identical Orgophosphorous Pesticide scan descriptor must be 

employed for the initial calibration and all subsequent analyses in order for such 

comparisons to remain valid, otherwise a new mass spectral library must be created. 

6.2.3. The data will be securely stored for at least seven years from date of acquisition. 

6.3. Syringe - 10 µL., 25 µL, 50 µL, 100 µL, 500 µL, 1000 µL 

6.4. Volumetric flasks, Class A - 10 mL to 1000 mL. 

6.5. Bottles - glass with Teflon-lined screw caps or crimp tops. 

6.6. Balance - Analytical, 0.0001 g 

6.7. Autosampler vials- amber 2 ml autosampler vials with crimp caps. 

6.8. Derivatization apparatus and reagents 

6.8.1. A 40 mL VOA vial, with cap and Teflon lined septum. 

6.8.2. A Teflon tube, pushed through the septum 

6.8.3. Diazald 

6.8.4. Methanol 

6.8.5. 3M NaOH in methanol 

7. Reagents and Standards 
7.1. Organic Solvents 

7.1.1. High purity, reagent grade solvents and chemicals are used in all analyses.  

7.1.2. The laboratory stocks acetone, hexane, methylene chloride, isooctane, carbon disulfide, 

toluene, methanol and other appropriate solvents for preparing standards. 

7.2. Spiking and calibration standards are listed in Section 10.  The standard solution are prepared 

using procedures outlined in ARI SOP 1012S. 
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8. Sample Collection, Preservation, Shipment and Storage 
8.1. Extracts are delivered to Refrigerator 17 in the instrument laboratory by extractions technicians. 

The extracts are signed into the GC laboratory Extract Refrigerator Log when delivered.  

8.2. Analysts in the instrument lab assume custody of the sample extracts and then move them into 

Refrigerator 15. 

8.3. Extracts must be stored at 4 ± 2 protected from light. 

8.4. Extracts must be analyzed within 40 days of the first day of extraction. 

9. Quality Control procedures include negative and positive controls, verification of detection limits, 

calibration and method selectivity. 
9.1. Negative Control 

9.1.1. Method blanks (MB) are used to assess the preparation batch for possible contamination 

resulting from the sample preparation process. extraction and analysis are performed as 

follows: 

9.1.2. One MB is analyzed with every preparation batch of twenty or fewer samples. 

9.1.3. The MB is analyzed once for each preparation batch unless MB data for each instrument 

is mandated by project-specific requirements a fully validatable data package is required. 

9.1.4. When post preparation contamination is suspected, the method blank will be reanalyzed 

in a manner that will verify the source of contamination. 

9.1.5. An aqueous MB is prepared using 0.5 or 1.0 Liters of Type 1 water from ARI’s centralized 

water purification system.  Method blanks for solid samples (soil and sediment), are 

prepared using 1 to 100 g purified sodium sulfate. 

9.1.6. Method blanks must be processed in exactly the same manner as other samples in a 

preparation batch. 

9.2. Positive Controls 

9.2.1. LCS analyses aid in the evaluation of the total analytical process including all preparation 

and analytical procedures. 

9.2.1.1. Recovery of compounds added to the LCS are compared to established statistical 

criteria calculated from historic analytical data as described in Section 15.5 

9.2.1.2. An LCS sample is analyzed with every batch of twenty of fewer samples. 

9.2.1.3. When there is not sufficient sample to analyze an MSD and/or MSD, an LCSD may 

be analyzed, at the client’s discretion, and compared to the LCS to evaluate method 

precision. 

9.2.2. Matrix Spike (MS) and Matrix Spike Duplicate (MSD) analyses indicate the effect of the 

sample matrix on the precision and accuracy of the results using the selected method.  MS 
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and MSD results are not normally used to determine the validity of the entire batch of 

analyses. 

9.2.2.1. Each preparatory batch of twenty or less samples of a similar sample matrix must 

include both MS and MSD analyses 

9.2.2.2. MS samples are spiked with all of the target analytes as indicated in Appendix 20.2. 

9.2.2.3. MS and MSD results are evaluated against statistical control limits calculated from 

ARI’s historical data.  Project or QA protocol specific control limits may substitute for 

ARI’s calculated values. 

9.2.2.4. QA/QC samples (rinsate blank, trip blank, SRM, etc.) submitted by a client must not 

be used to prepare MS samples. 

9.2.2.5. When ARI’s client designates a specific sample for MS/MSD analysis, that sample 

must be used.  When there is insufficient sample to perform MS/MSD analyses ARI will 

immediately inform the client.  The client will approve one of the following options: 

9.2.2.5.1. MS/MSD analyses are deleted from the sample batch. 

9.2.2.5.2. An alternate sample is designated for MS/MSD analyses 

9.2.2.5.3. LCS/LCSD analyses are used to assess method precision. 

9.2.2.6. The client’s rationale and decision must be documented on the “Analytical Notes” 

form and reported in the case narrative. 

9.2.2.7. Dilution of MS/MSD extracts to get either spiked compounds or native analytes on 

scale is not required. 

9.2.3. Matrix Duplicates (MD) may be analyzed as required by a specific client request and/or 

QA protocol.  MD analyses are used to assess the precision of analytical results in a given 

sample matrix.  The results of an MD analyses are normally expressed as an RPD (relative 

percent difference) value. 

9.2.4. Surrogates Standards (SS) are added to all samples prior to extraction to provide a 

measure of method efficiency (recovery) for each sample matrix. 

9.2.4.1. SS are added to all samples including MB, LCS and MS. 

9.2.4.2. SS are chosen to represent the various chemistries of the target analytes.  ARI’s 

routine SS are noted in Appendices 20.2. 

9.2.5. The reporting limits for analytes in this procedure are defined by the lowest concentration 

calibration standard. MDL studies, as described in ARI SOP 1018S, are conducted to 

determine an LOD.  An analyte concentration between the RL and the LOD (MDL) may be 

reported but must flagged to indicate the higher analytical uncertainty associated with these 

values in this range. 
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9.2.6. Data reduction procedures are standardized and documented in SOPs 

9.2.7. Method selectivity is evaluated using the following checks: 

9.2.7.1. Prior to any analysis each mass spectrometer must be hardware-tuned to meet the 

criteria in Appendix 20.3. 

9.2.7.1.1. Inject 25-50 ng/uL solution of DFTPP, p,p’-DDT, benzidine and 

pentachlorophenol. 

9.2.7.1.1.1. Evaluate the ion abundance of DFTPP using one of the following scan 

scenarios: 

9.2.7.1.1.1.1. one scan at the peak apex 

9.2.7.1.1.1.2. use the mean of the apex and the preceding and following scans 

9.2.7.1.1.1.3. use the average across the entire peak.  

9.2.7.1.1.2. Background correction should be compliant with method specifications and 

employed only for the purpose of correcting for instrument background ions. Do not 

subtract part of the DFTPP peak.  

9.2.7.1.1.3. Degradation of DDT to DDE and DDD should not exceed 20%. DDT 

percent breakdown is calculated by dividing the sum of the DDD and DDE areas by 

the sum of the areas of DDT, DDE and DDD and then multiplying this result by 100. 

9.2.7.1.1.4. Benzidine and pentachlorophenol should be present at their normal 

responses, with no visible peak tailing. Peak tailing factors are calculated using the 

formula in Appendix 20.6. Tailing factors must be <3.0 for benzidine and <5.0 for 

pentachlorophenol. Non-compliances must be documented on the “Analyst’s Notes” 

form and reported in the case narrative. 

9.2.7.1.2. Section 16 includes procedures to bring the instrument into compliance for 

tuning, DDT breakdown, or peak tailing factors. 

9.2.7.2. The relative retention time (RRT) of each target analyte must vary be less than 0.06 

RRT units in the calibration standards.  Late-eluting target analytes usually have much 

better agreement. The RRT is calculated by dividing the retention time of the target 

analyte/surrogate by the retention time of its assigned internal standard. 

9.2.7.3. The internal standards selected should permit most of the components of interest in 

a chromatogram to have retention times of 0.80-1.20 relative to one of the internal 

standards.  Use the base peak ion from the specific internal standard as the primary ion 

for quantitation (see Appendix 20.2).  If interferences are noted, use the next most 

intense ion as the quantitation ion. 
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9.2.7.4. Internal Standard Response (EICP) area and retention time data are to be evaluated 

during and/or immediately after the analysis.  The response for each of the internal 

standards must be within the inclusive range of -50.0 percent and +100.0 percent of the 

response of the internal standards in the most recent continuing calibration analysis.  The 

retention time shift for each of the internal standards must be within ± 0.50 minutes (30 

seconds) between the sample and the most recent continuing calibration analysis. 

9.2.7.5. Statistical Control- Internal quality control limits for analyte spike and surrogate 

recoveries and relative percent difference for matrix spike and matrix spike duplicates are 

statistically generated on a periodic basis.  These quality control limits are provided to 

bench chemists, managers, and QA staff as tools for assessing data quality in real-time at 

the point of data generation.  Practical considerations relating to their dynamic nature 

require their presentation in a document separate from this SOP.  All analysts using this 

SOP must use it in conjunction with Control Limit documentation in order to assess data 

quality and any possible need for corrective actions. Current control limits may be found 

in the ARI QAP. 

9.2.7.6. Initial Demonstration of Proficiency- Each analyst must demonstrate initial 

proficiency with each sample preparation and determinative method combination 

performed, by generating data of acceptable accuracy and precision for target analytes in 

a clean matrix. The laboratory must also repeat these procedures whenever new staff is 

trained or significant changes in instrumentation or procedure are made. See Methods 

8000 and 3500 for information on how to accomplish this demonstration. 

10. Calibration and Standardization 
10.1. Calibration standards - A minimum of six calibration standards are used.  The lowest 

concentration calibration standard defines the reporting limitand the others should correspond to 

the range of concentrations found in real samples but must not exceed the linear range of the 

GC/MS system. The lowest calibration point of each individual target analyte becomes the 

reporting limit for that target. All target analytes quantitated below the lowest calibration point for 

any target analyte must be qualified with a “J” flag to show the quantitation is below the working 

range of the curve. Calibration standards are prepared from the working calibration solutions at 

concentrations of 0.04, 0.20, 0.50, 1.0, 5.0, 10, and 20 µg/mL for each of the target analytes and 

surrogates. The calibration standards are made with a final volume of 0.5 ml in an amber vial with 

a crimp cap. 10 µL internal standard solution is added for each 500 µL of extract prior to analysis.  

Each standard should contain each analyte for detection by this method (e.g. some or all of the 

compounds listed in Table 1 may be included). However, no target analyte may be quantitated 
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without first being calibrated.  All standards should be stored at 4°C and should be freshly 

prepared once a year, or sooner if check standards indicate a problem.  The daily calibration 

standard should be prepared weekly with the expiration date and standard identifications on the 

label and stored at 4°C. If the analyst suspects degradation the standard should be replaced.  

10.2. If the DFTPP tuning and peak tailing factors meet acceptance criteria, the initial calibration may 

proceed by injecting the calibration standards prepared as described in Section 10.1 into the 

analytical column. 

10.3. Calibration Requirements 

10.3.1. The average RRF should be calculated for each compound.  The percent relative 

standard deviation (% RSD = 100 [SD/average RRF]) should also be calculated for each 

compound. The % RSD should be less than 15% for each compound, in which case the 

average response factor will be used for quantitation as it is constant over the calibration 

range. Target analytes that exceed 15% RSD will utilize an alternative calibration option. If 

the analyst determines that there is no detector or chromatographic peak saturation and that 

the chromatographic system is functioning properly, then the analyst will proceed as follows: 

10.3.1.1. A linear fit calibration that does not include the origin and generates a coefficient of 

determination (R2) that is greater than or equal to 0.99 is acceptable.  ARI will attempt to 

force calibration curve through zero.  Forcing the curve through zero is not the same as 

including the origin as a point in the calibration. When the curve is forced through zero, 

the intercept is set to 0 before the regression is calculated, thereby setting the bias to 

favor the low end of the calibration range by “pivoting” the function around the origin to 

find the best fit and resulting in one less degree of freedom. 

10.3.1.2. Next the analyst may attempt a quadratic non-linear calibration which may be used 

with target analytes that have six calibration points only. An additional initial calibration 

point may be considered for target analytes that require non-linear calibration if only five 

calibration points are available. 

10.3.1.3. Individual targets that are unable to meet the above requirements must be 

documented in the case narrative. The initial calibration may still be valid if approved on 

an individual basis by the Laboratory Supervisor and/or the Laboratory Manager. 

10.3.1.4. See EPA Method 8000C Section 11 for reference to linear fit and non-linear 

(quadratic) calibration. 

10.3.1.5. Individual targets that are unable to meet the requirements in Section 10.3.1 must 

be documented in the case narrative. The initial calibration may still be valid if approved 

on an individual basis by the Laboratory Supervisor, and/or the Laboratory Manager. 
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10.4. Calibration curve verification - Prior to use for sample analysis, the acceptability of a calibration 

curve must be verified through analysis of an initial calibration verification standard (ICV) obtained 

from a second source. The ICV must be derived from a different source than the stock standard 

used to prepare the calibration curve. Stock standards from different lots supplied by the same 

manufacturer may be used to satisfy the independent source requirement.  The ICV should show 

70%-130% recovery for all compounds when compared to the initial calibration curve. Any 

analytes exceeding 70%-130% recovery will be documented in the analysts notes provided with 

the initial calibration. 

10.5. Using data from the mid-point of the initial calibration, verify that the reference mass spectrum 

library accurately identifies all target analytes. 

10.6. Daily GC/MS calibration verification - Performed at the beginning of each 12-hour analytical 

shift. 

10.6.1. Prior to analysis of samples, the GC/MS tuning standard must be analyzed using a full 

scan of 35-500 amu.  A 25-50 ng/uL injection of DFTPP must result in a mass spectrum for 

DFTPP which meets the specified criteria (Appendix 20.3).  These criteria must be 

demonstrated during each 12 hour shift.  The 12 hour shift begins from when the DFTPP 

was injected and does not include time of elution. As discussed in Section 9.2.7.1.1.3 the 

DFTPP check should also measure injector port inertness through the evaluation of DDT 

breakdown and the calculation of peak tailing factors for pentachlorophenol and benzidine.  

10.6.2. Analysis of a  continuing calibration verification standard (CCV) at mid-concentration 

(2.5/12.5 ng/uL), containing each compound of interest, including all required surrogates, 

must be performed once every 12 hours before sample analysis, using the introduction 

technique used for the initial calibration. The results from the CCV analysis must meet the 

acceptance criteria detailed below in Sections 10.6.2.1 through 10.6.2.3. 

10.6.2.1. Percent Difference Criteria- After the tune check has been made, check the validity 

of the calibration by calculating the %D for each analyte. 

 

 

10.6.2.2. The percent difference for each analyte should be less than 20%. However, up to 

one analyte may have a percent difference greater than 20%, so long as its percent 

% Difference = RRFi - RRFc   
RRFi 

* (100) 

Where: 
RRFi =   Average relative response factor from initial calibration. 

RRFc =  Relative response factor from current verification check standard. 
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difference is less than 40%. If the percent difference criterion is not met corrective action 

must be taken. See Section 16.3 or procedures for dealing with CCV failure. This criterion 

must be met before sample analysis begins. All corrective actions must be recorded on 

an “Analyst Notes” form. 

10.6.2.3. The internal standard responses and retention times in the CCV must be evaluated 

immediately after or during data acquisition. Relative retention times should remain 

constant and resolution between isomeric pairs must be maintained for any changes in 

retention times.  If the retention time for any internal standard changes by more than 5 

minutes or the response of any internal standard (EICP area) changes by a factor of two 

(-50% to +100%) from that in the mid-point standard level (2.5 ng/uL) of the most recent 

initial calibration sequence, then the system should be inspected for malfunctions and 

corrections made as required.  When corrections are made, reanalysis of samples 

analyzed while the system was malfunctioning is required only if mandated by project 

specific requirements. 

11. Procedure 
11.1. It is highly recommended that the extract be screened using GC/FID with the same type column 

used in the GC-MS.  This will minimize contamination of the GC/MS system from unexpectedly 

high concentrations of organic compounds and may show high background samples that should 

be analyzed using a medium/high level extraction.  The screening procedure is provided in 

Appendix 20.7. 

11.2. Recommended GC/MS operating conditions are as tabulated in Appendix 20.4 (samples must 

be run using the same instrument conditions as the initial calibration). 

11.3. Sample extracts are analyzed with the GC-MS the SIM mode.  The instrument is toggled 

between the full scan and SIM modes using the Chemstation software. 

11.4. Verify that the GC-MS method in use contains the proper scan descriptors for the target 

analytes. Scan descriptors are provided in Appendix 20.2. 

11.5. Tune the GC-MS instrument as described in Section 9.2.7.1 

11.6. Calibrate the instrument as described in Section 10 

11.7. Spike each sample extract to be analyzed with internal standard solution using 2 µL of the 

internal standard solution for every 0.1 mL of extract. (example: spike 10 µL of internal standard 

stock into a  0.5 ml sample)  This results in a concentration of 2 ng/µL of each internal standard  

11.8. Prior to sample analysis a continuing calibration verification standard must be analyzed, and 

this CCV must meet the criteria found in Section 10.6. If time remains in the 12 hour QC period 
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begun with the initial calibration, the midpoint calibration standard from the initial calibration may 

be used as the CCV provided it meets the requirements found in Section 10.6. 

11.9. Using the analyte RRT form the CCV to adjust the beginning of each scan group as necessary. 

11.10. Enter all information required for the analytical batch in the instrument logbook. 

11.11. Load the auto sampler and enter the sample sequence on the Target data system. 

11.12. Print the run sequence and attach it to the instrument logbook 

11.13. Begin GC/MS data acquisition 

11.14. When the acquisition is complete, export the data files from the GC/MS data system to to the 

Target data system for data further analysis. 

11.15. Process the data using the appropriate Target method. 

11.16. Confirm that the computer has correctly identified all target analytes and properly performed all 

chromatographic integrations. 

11.17. Perform necessary manual integrations following the guidelines in Appendix 20.1. 

11.18. Document any manual integrations by printing a copy of magnified EICP signals and/or 

chromatograms showing manual integrations. 

11.19. The analyst must sign and date all hardcopy data, especially that documenting manual 

integrations. 

11.20. Export the quantitative numbers into ARI’s LIMS where final reports will be generated. 

11.21. Submit a hardcopy job file to management for review.  The file will contain: 

11.21.1. Copies of all bracketing tune files 

11.21.2. Copies of all bracketing tune files CCVs 

11.21.3. Raw data for all the samples and associated QC analyses 

11.21.4. The LIMS report(s) 

11.21.5. An “Analyst’s Notes” form that includes all deviations from normal routine procedures 

and any other noteworthy observations or events concerning sample analysis 

11.22. All extracts should be stored in Refrigerator 15 in amber vials with teflon lined screw caps. 

12. Data Analysis and Calculations 
12.1. Qualitative Analysis 

12.1.1. Target analytes are identified by comparing characteristic ions of the sample mass 

spectrum with that of a known reference standard.  Reference mass spectra are generated 

by the laboratory using routine calibration data obtained using conditions identical to the 

sample analyses.  Characteristic ions are either the three ions of greatest intensity, or any 

ions over 30% intensity relative to the base ion.  Two criteria must be satisfied to verify 

identification: 
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12.1.1.1. The target analyte in the sample must elute within ±0.06 RRT units of the RRT of 

the compounds in a calibration standard analyzed in the same 12 hour QC period. 

12.1.1.1.1. When co-elution components prohibit accurate assignment of an RRT using 

total ion chromatogram, the RRT may be assigned by using extracted, ion-current 

profiles for ions unique to the component of interest. 

12.1.1.2. The mass spectrum of the target analyte must correspond to that of the standard 

component. 

12.1.1.2.1. Intensities of all characteristic ions must maximize in the same or an adjacent 

scan.  A chromatographic peak selected by a data system based on the presence of a 

target chromatographic peak containing ions specific for the target compound at a 

compound-specific retention time meets this criterion. 

12.1.1.2.2. All ions present in the standard mass spectra at a relative intensity greater 

than 10% (the most abundant ion in the spectrum is equal to 100% intensity) must be 

present in the sample spectrum. 

12.1.1.2.3. The relative intensities of ions specified in Section 12.1 in the standard and 

sample spectra must be within ± 30%.  (Example: an ion with an abundance of 50% in 

the standard spectrum must have a corresponding ion between 20 and 80% in the 

sample spectrum.)  Compounds with spectra not meeting this criterion may be 

considered acceptable and flagged with an M by an analyst or data (favors false 

positive results). 

12.1.1.2.4. Structural isomers that produce similar mass spectra may be identified as 

individual isomers if they have sufficiently chromatographic resolution. Sufficient GC 

resolution is achieved when the height of the valley between two isomeric peaks is 

less than 25% of the sum of the two peak heights. Otherwise, structural isomers are 

identified as isomeric pairs and reported as the sum of both compounds by the analyst. 

12.1.1.3. Identification is hampered when sample components are not resolved 

chromatographically and produce mass spectra containing ions contributed by more than 

one analyte.  When gas chromatographic peaks obviously represent more than one 

sample component (i.e., a broadened peak with shoulder(s) or a valley between two or 

more maxima), appropriate selection of analyte spectra and background spectra is 

important.  Examination of extracted ion current profiles of appropriate ions can aid in the 

selection of spectra, and in qualitative identification of compounds.  When analytes co-

elute (i.e., only one chromatographic peak is apparent), the identification criteria can be 
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met, but each analyte spectrum will contain extraneous ions contributed by the co-eluting 

compound. 

12.2. Quantitative analysis 

12.2.1. Confirmed target analytes are quantified based on the integrated abundance from the 

EICP of the primary characteristic ion. 

12.2.2. Quantitation will take place using the internal standard technique. The internal standard 

used shall be the one nearest the retention time of a given analyte. 

12.2.3. When secondary ion quantitation is necessary due to interference, a short quantitation 

report list is generated.  This quantitation contains the integrated areas of the affected 

compounds, based on the secondary ion(s) for that compound, and of the relevant internal 

standards.  Identical reports must be generated for the sample with interference and for the 

relevant initial calibration.  The report for the initial calibration is used to generate a relative 

response factor for the affected compound based on its secondary ion.  This relative 

response factor is then used in the calculations for that compound in the affected sample. All 

quantitations using the primary characteristic ion use the average relative response factor 

from the initial calibration. The short quantitation report may be hand calculated by the 

analyst as long as it is signed and dated by the analyst. 

12.2.4. Calculate the concentration of each identified analyte in the sample as follows: 

Concentration (µg/L) =       (Ax)(Is)(Vt) 
(Ais)(RRF)(Vo)(Vi) 

where: 

AX = Area of characteristic ion for compound being measured 

Is = Amount of internal standard injected (ng). 
Vt = Volume of total extract, taking into account dilutions 
(i.e. for a 1 to 10 dilution of a 1 ml extract Vt = 10,000 µL) 
AIS = Area of characteristic ion for the internal standard 

RRF = Relative response factor for compound being measured 

Vo = Volume of water extracted (ml) 

Vi = Volume of extract injected (µL) 
 

12.2.5. Sediment/Soil/Sludge (on a dry weight basis) and Waste (normally on a wet weight 

basis) 

Concentration (µg/kg) =      (Ax)(Is)(Vt)     
(Ais)(RRF)(Vi)(Ws)(D) 

where: 

AX = Area of characteristic ion for compound being measured 
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Is = Amount of internal standard injected (ng). 
Vt = Volume of total extract, taking into account dilutions 

(i.e. for a 1 to 10 dilution of a 1 ml extract Vt = 10,000 µL) 
AIS = Area of characteristic ion for the internal standard 

RRF = Relative response factor for compound being measured 

Vi = Volume of extract injected (µL) 

Ws = Weight of sample extracted or diluted in grams 

D = % Dry weight of sample = 1.0 on an as received basis 
 

13. Method Performance 
13.1. The QA department measures method performance using a combination of annual method 

detection limit (MDL) studies, performance evaluation samples, and the monitoring of surrogate 

and spike recoveries. 

13.1.1. Detection limits- detection limits for all analytes quantitated using this SOP are set using 

the low point of the initial calibration curve and validated via method detection limit studies. 

13.1.2. MDL studies are performed each year for each analyte by each preparatory and 

analytical method (for example, analytes quantitated for in water samples will have MDL 

studies performed for both the liquid/liquid extraction and sep funnel extraction, and the 

associated mass spectrometry detection methods.) 

13.1.3. MDL and reporting limit (RL) values may be found for each analyte in the ARI QAP 

13.2. Laboratory precision and bias measurements are performed by monitoring surrogate and spike 

recoveries in samples and quality control samples. 

13.3. Control limits are calculated by monitoring these recoveries. These control limits are 

disseminated to the bench chemists and LIMS administrator for use in monitoring method 

performance in real time. As these limits are updated regularly, their dynamic nature prevents their 

inclusion in this SOP. However, they may be found in the ARI QAP. 

14. Pollution Prevention 
14.1. All syringe rinsing must be performed over charcoal to minimize the exposure of the 

environment to solvent or extract. 

14.2. All GC split vents will be connected to an exhaust vent. 

14.3. All MS vacuum pumps will have a charcoal exhaust filter. 

15. Data Assessment and Acceptance Criteria for QC Measure 
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15.1. Requirements relating to initial and continuing calibration are detailed in Section 10 of this 

document. 

15.2. Method Blanks must be free of target analytes with a concentration greater than 1/2 their 

reporting limit. 

15.3. Internal Standard EICP areas following the continuing calibration standard must meet the 

technical acceptance criteria listed in SOP Section 9.2.7.3. 

15.4. Surrogate Recoveries for all sample, MB, LCS, MS, MD, SRM analyses must have acceptable 

surrogate recoveries based on ARI’s current control charts. 

15.4.1. These requirements do not apply to subsequent dilutions of samples where a prior 

analysis of the diluted sample extract shows acceptable surrogate recovery. 

15.4.2. Certain methods or clients may specify project specific surrogate recovery acceptance 

windows. 

15.4.3. When mandated by contract-specific requirements, corrective actions must be 

performed in response to failure to meet project specific surrogate acceptance criteria, even 

when the criteria are labeled as advisory in the reference method. 

15.4.4. Surrogate acceptance criteria are both matrix and concentration level specific (e.g. low 

level vs. medium level soils).  When analyzing matrices or concentration levels for which no 

acceptance criteria are available, the closest approximation of available acceptance criteria 

may be provided as estimates for advisory purposes only. 

15.5. Laboratory Control Samples (LCS) 

15.5.1. The LCS recovery values should fall within the specified recovery acceptance limits.  If 

an LCSD is performed then relative percent difference (RPD) acceptance limits may also 

apply, if available. 

15.5.2. LCS recovery acceptance windows are ideally determined statistically from method and 

matrix-specific laboratory data updated on a periodic basis. Project or method specific limits 

may supersede laboratory acceptance criteria. 

15.6. Matrix Spike/Matrix Spike Duplicates (MS/MSD) 

15.6.1. Matrix Spike/Matrix Spike Duplicate recovery values should fall within the specified 

recovery acceptance limits.  If a MSD is performed then relative percent difference (RPD) 

acceptance limits may also apply, if available. 

15.6.2. MS/MSD recovery and RPD acceptance windows are ideally determined statistically 

from method and matrix-specific laboratory data updated on a periodic basis. Certain 

methods or clients may require project specific MS/MSD recovery and RPD acceptance 

windows. 
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15.7. Holding Times 

15.7.1. Samples must be extracted within holding times (seven days for water samples and 

fourteen days for solid samples). 

15.7.2. Extracts must be analyzed within the extract holding time (forty days from the initial date 

of extraction.) 

15.7.3. In the event that re-extraction due to an out of control event requires that samples be re-

extracted after their extraction holding time has elapsed (seven days for water and fourteen 

days for tissues/solids) the analyst should analyze and report both extraction sets, whenever 

practical, distinguishing between the initial extraction and re-extraction on all deliverables. 

This will document that the samples were originally extracted within holding times and may 

allow for comparisons that will determine whether any of the more volatile analytes were lost 

in the interval between extractions. 

15.7.4. If any extracts are analyzed after the 40 day extract holding time has elapsed, the 

analyst shall document this in the analytical notes accompanying the data so that it may be 

included in the case narrative. 

16. Corrective Actions for Out of Control of Unacceptable Data 
16.1. Mass Spectrometer Tuning 

16.1.1. When the MS does not produce an acceptable mass spectrum with 25 -50 µg/mL of 

DFTPP, re-inject the DFTPP.  If the spectrum again fails to meet the criteria found in 

Appendix 20.3, the MS may need to be re-tuned.  

16.1.2. If the re-tuned mass spectrum still fails to meet the criteria found in Appendix 20.3, the 

MS may need maintenance. The MS should be vented, and maintenance may include: 

replacing the filaments, cleaning the MS source, cleaning the MS quadrapoles, or replacing 

the electron multiplier. 

16.2. Peak tailing factors- If the peak tailing factors exceed the limits found in Section 9.2.7.1.1.4, the 

chromatographic system may need maintenance. Inspect the system for leaks. Should none be 

found, perform maintenance on the chromatographic system. This maintenance includes, but is 

not limited to: replace the inlet liner and liner packing, clean the inlet liner, cleaning or replacing the 

inlet seal, cleaning or replacing the inlet body, replacing the split line, cleaning the split arm, 

clipping a length from the front of the column, or replacing the column. Any maintenance is to be 

documented in the "maintenance" section of the GC/MS run logbook for that instrument. 

16.3. Initial Calibration/CCV failure- should RSD or %D failure be evident in either the initial 

calibration or the CCV, perform the maintenance found in Section 16.1.2. If the failure is deemed 

to be the result of an improperly prepared calibration standard, re-prepare the standard and 
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reanalyze it. Reanalyzing or replacing a single standard must NOT be confused with the practice 

of discarding individual calibration results for specific target compounds in order to pick and 

choose a set of results that will meet the RSD or correlation criteria for the linear model. The 

practice of discarding individual calibration results is addressed as a fourth alternative option, and 

is very specific as to how a set of results are chosen to be discarded. If a standard is reanalyzed, 

or a new standard is analyzed, then ALL of the results from the original analysis of the standard in 

question must be discarded. Further, the practice of running additional standards at other 

concentrations and then picking only those results that meet the calibration acceptance criteria is 

EXPRESSLY PROHIBITED, since the analyst has generated data that demonstrate that the linear 

model does not apply to all of the data. 

16.4. Internal Standards- 

16.4.1. If the internal standards fail to meet their acceptance criteria, check calculations, the 

internal standard compound spiking solutions, and the instrument operation.  If the 

calculations were incorrect, correct the calculations and verify that the internal standard 

response met their acceptance criteria. 

16.4.2. If the internal standard compound spiking solution was improperly prepared, 

concentrated, or degraded, re-prepare solutions and re-extract/reanalyze the samples.   

16.4.3. If the instrument malfunctioned, correct the instrument problem and reanalyze the 

sample extract.  This correction will most likely involve instrument maintenance similar to the 

maintenance described in Section 16.1.2. If the instrument malfunction affected the 

calibration, recalibrate the instrument before reanalyzing the sample extract. 

16.4.4. If the above actions do not correct the problem, then the problem may be due to a 

sample "matrix effect".  To determine if there is a matrix effect, take the following corrective 

action steps. 

16.4.4.1. Reanalyze the sample extract.  EXCEPTION: if the internal standard compounds 

responses and/or retention times in a sample used for a matrix spike and/or matrix spike 

duplicate were outside the acceptance criteria, then it should be reanalyzed only if the 

internal standard responses and/or retention times were within the acceptance criteria for 

the associated matrix spike (MS only) or for both the matrix spike and matrix spike 

duplicate analysis (MS/MSD).  These corrective actions are also to be applied in the case 

of unspiked duplicates of a given sample which is outside acceptance criteria. 

16.4.4.2. If the corrective actions listed above do not prove matrix effect, then the problem 

with the initial analysis is deemed to be within the laboratory's control.  Submit either both 
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sets of data or only the data from the reanalysis with the internal standard responses and 

retention times within acceptance limits. 

16.4.4.3. If the corrective actions listed above prove matrix effect, then submit data from both 

analyses, distinguishing between the initial analysis and reanalysis on all deliverables. 

16.4.4.4. If internal standard acceptance criteria are not met in an extract judged by the 

GC/MS analyst to be overly concentrated in background (e.g. hydrocarbons) and 

therefore damaging to the analytical system, the extract may be diluted prior to the 

reanalysis performed to prove matrix effect. 

16.4.4.5. If a set of sample extracts from the same sample delivery group and/or samples 

collected from the same sample location are judged to be similar based on examination of 

the total ion chromatogram, it may be necessary only to reanalyze one extract or a subset 

of the extracts to prove matrix interference.  Prior consultation with the Laboratory 

Manager, Project Manager and the client is necessary for this option to be used. 

16.5. Surrogates 

16.5.1. If the surrogate compounds fail to meet their recovery acceptance criteria, first 

reanalyze the extract. 

16.5.2. If the surrogate recoveries do not meet their recovery acceptance criteria after 

reanalysis, check calculations, sample preparation logs, the surrogate compound spiking 

and calibration solutions and the instrument operation.  If the calculations were incorrect, 

correct the calculations and verify that the surrogate compound recoveries meet their 

acceptance criteria.  If the sample preparation logs indicate that the incorrect amount of 

surrogate compound spiking solution was added either recalculate surrogate recoveries 

based on the actual amount of surrogate compound spiking solution added, or re-

extract/reanalyze the sample, adding the correct amount of surrogate spiking solution. If the 

surrogate compound spiking solution and/or surrogate calibration solution was improperly 

prepared, concentrated, or degraded, re-prepare solutions and re-extract/reanalyze 

samples. 

16.5.3. If the surrogate recoveries were outside the lower recovery acceptance limit and the 

extract from the sample was cleaned up on a Gel Permeation Chromatograph (GPC) using 

an automated injection system, the laboratory shall verify that the proper amount was 

injected on the GPC column.  If insufficient sample volume was injected on the GPC, the 

sample must be re-extracted and reanalyzed.  Alternatively, the archived portion of the 

original extract must be subjected to GPC clean-up and reanalyzed. 
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16.5.4.  If the analytical instrument malfunctioned, correct the instrument problem and 

reanalyze the sample extract. This correction will mostly involve maintenance similar to the 

maintenance discussed in Section 16.1.2. Verify that the surrogate recoveries meet their 

acceptance criteria.  If the instrument malfunction affected the calibration, recalibrate the 

instrument before reanalyzing the sample extract. 

16.5.5. If the above actions do not correct the problem, then the problem may be due to a 

sample matrix effect.  To determine if there was matrix effect, take the following corrective 

action steps. 

16.5.5.1. Re-extract and reanalyze the sample.  EXCEPTION:  If surrogate compound 

recoveries in a sample used for a matrix spike and/or matrix spike duplicate were 

considered unacceptable, then it should be re-extracted/reanalyzed only if the surrogate 

compound recoveries were within the  acceptance criteria for the associated matrix spike 

(MS only) or for both the matrix spike and matrix spike duplicate analysis (MS/MSD). 

These corrective actions are also to be applied in the case of un-spiked duplicates of a 

given sample which is outside acceptance criteria. 

16.5.5.2. If the surrogate compound recoveries meet acceptance criteria in the re-

extracted/reanalyzed sample, then the problem with the initial analysis is deemed to be 

within the laboratory's control.  Therefore, submit data only from the re-extraction/ 

reanalysis if the re-extraction was performed within holding time, otherwise report both 

sets of data. 

16.5.5.3. If the surrogate compound recoveries fail to meet the acceptance criteria in the re-

extracted/reanalyzed sample, then submit data from both analyses, distinguishing 

between the initial analysis and the re-extraction/reanalysis on all deliverables. 

16.6. Method Blanks- Corrective action for a method blank which fails acceptance criteria may involve 

re-extraction and reanalysis of all associated samples and/or "B" flagging of the associated sample 

data.  Each occurrence will be evaluated on an individual basis upon consultation with the Project 

Manager, the client, the Laboratory Supervisor, and the Laboratory Manager. 

16.7. Laboratory Control Samples 

16.7.1. If the LCS compounds fail to meet their recovery acceptance criteria, first reanalyze the 

extract. 

16.7.2. If the LCS recoveries do not meet their recovery acceptance criteria after reanalysis, 

check calculations, sample preparation logs, the LCS compound spiking and calibration 

solutions and the instrument operation.  If the calculations were incorrect, correct the 

calculations and verify that the LCS compound recoveries and RPDs (if applicable) meet 
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their acceptance criteria.  If the sample preparation logs indicate that the incorrect amount of 

LCS compound spiking solution was added either recalculate LCS recoveries based on the 

actual amount of LCS compound spiking solution added or re-extract/reanalyze the samples, 

adding the correct amount of LCS spiking solution.  If the LCS compound spiking solution 

and/or LCS calibration solution was improperly prepared, concentrated, or degraded, re-

prepare solutions and re-extract/reanalyze samples. 

16.7.3.  If the LCS recoveries were outside the lower recovery acceptance limit and the extract 

from the sample was cleaned up on a Gel Permeation Chromatograph (GPC) using an 

automated injection system, the laboratory shall verify that the proper amount was injected 

on the GPC column.  If insufficient sample volume was injected on the GPC, the samples 

must be re-extracted and reanalyzed.  Alternatively, the archived portion of the original 

extract must be subjected to GPC clean-up and reanalyzed. 

16.7.4.  If the analytical instrument malfunctioned, correct the instrument problem and 

reanalyze the sample extract.  Verify that the LCS recoveries meet their acceptance criteria.  

If the instrument malfunction affected the calibration, recalibrate the instrument before 

reanalyzing the sample extract. 

16.7.5. If the LCS compounds still fail to meet their acceptance criteria, re-extract and 

reanalyze the LCS and all associated samples and QC samples if deemed appropriate (i.e. 

after consideration of all batch QC data) or mandated by contract-specific requirements. Any 

decision to forgo re-extraction/reanalysis based on failure to meet LCS acceptance criteria 

will require approval of the Project Manager and the Lab Manager, at a minimum. 

16.8. Matrix Spike/Matrix Spike Duplicates 

16.8.1. If the MS/MSD compounds fail to meet their advisory acceptance criteria, it may be 

necessary to reanalyze the extracts 

16.8.2. If this fails to bring the recoveries or RPDs into compliance, check calculations, sample 

preparation logs, the MS/MSD compound spiking and calibration solutions and the 

instrument operation.  If the calculations were incorrect, correct the calculations and verify 

that the MS/MSD compound recoveries and RPD’s (if applicable) meet their advisory 

acceptance criteria.  If the sample preparation logs indicate that the incorrect amount of 

MS/MSD compound spiking solution was added either recalculate MS/MSD recoveries 

based on the actual amount of MS/MSD compound spiking solution added or re-

extract/reanalyze the samples, adding the correct amount of MS/MSD spiking solution.  If the 

MS/MSD compound spiking solution and/or MS/MSD calibration solution was improperly 
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prepared, concentrated, or degraded, re-prepare solutions and re-extract/reanalyze 

samples. 

16.8.3. If the MS/MSD recoveries were outside the lower advisory recovery acceptance limit 

and the extract from the sample was cleaned up on a Gel Permeation Chromatograph 

(GPC) using an automated injection system, the laboratory shall verify that the proper 

amount was injected on the GPC column.  If insufficient sample volume was injected on the 

GPC, the samples must be re-extracted and reanalyzed.  Alternatively, the archived portion 

of the original extract must be subjected to GPC clean-up and reanalyzed. 

16.8.4. If the analytical instrument malfunctioned, correct the instrument problem and reanalyze 

the sample extract.  Verify that the MS/MSD recoveries meet their advisory acceptance 

criteria.  If the instrument malfunction affected the calibration, recalibrate the instrument 

before reanalyzing the sample extract. 

16.8.5. If the MS/MSD compounds still fail to meet their advisory acceptance criteria, an 

assessment of batch QC data is necessary in order to determine the possibility of a matrix 

effect. If the RPDs are within acceptance limits (particularly for non-native MS/MSD 

analytes) and all of the batch QC elements which are not affected by the sample matrix are 

in control (e.g. method blank, LCS, calibration checks) and there is no evidence of improper 

spiking levels, the poor recovery may be attributed to matrix effects. Additional consideration 

also needs to be given to the ratio of spike to native analyte, as well as sample 

heterogeneity, as these factors may have an adverse effect on both spike recovery and RPD 

values. If matrix effect is determined to be the cause, the associated data must be flagged, 

but re-preparation and reanalysis is not required. Examination of spike recoveries in the 

matrix spike duplicate is also pertinent to assessing matrix effects. 

16.8.6. If any of the batch QA elements which are not affected by the sample matrix are out of 

control, or there is evidence that spiking may have been improperly performed , the matrix 

spike and matrix spike duplicate must be re-extracted and reanalyzed.  If insufficient sample 

is available or if the extraction holding time has elapsed, the laboratory must notify the client 

and flag the associated data and/or document the problem in the narrative. 

16.9. Sample Dilution- When the response (EICP) for any analyte exceeds the highest response in 

the working range of the calibration, the analyte response must be qualified with an “E” flag, the 

sample diluted to reduce the analyte’s response into the calibration range and the diluted sample 

re-analyzed. 

16.9.1. Additional internal standard must be added to the diluted extract to maintain the 

required 2 ng/µL of each internal standard in the extracted volume. 
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16.9.2. All dilutions should keep the response of the major constituents in the upper half of the 

linear range of the curve. 

16.9.3. When ions from a target compound in the sample saturate the detector the analyst 

must: 

16.9.3.1. Flag all affected analytes with an S flag. 

16.9.3.2. Analyze an Instrument Blank consisting of clean solvent until the system has been 

decontaminated. It is advisable to reanalyze the sample run directly after the sample with 

the saturated analyte and compare the original and reanalysis values to look for 

carryover. 

17. Contingencies for Handling Out-of-Control or Unacceptable Data 
17.1. See Section 16.1 for guidance on dealing with out-of-control tuning events. 

17.2. See Sections 16.2 and 16.3 for guidance on dealing with out-of-control events related to initial 

calibrations, peak tailing factors, or DDT breakdown. 

17.3. See Section 16.4 for guidance on dealing with internal standard out-of-control events. 

17.4. See Section 16.5 for guidance on dealing with surrogate out-of-control events. 

17.5. See Section 16.6 for guidance on dealing with method blank related out-of-control events. 

17.6. See Section 16.7 for guidance on dealing with laboratory control sample related out-of-control 

events. 

17.7. See Section 16.8 for guidance on dealing with MS/MSD related out-of-control events. 

18. Waste Management 
18.1. All extract vials must be disposed of by placing them in the blue hazardous waste drum in the 

station set aside for this purpose (Satellite Accumulation Station GC-2.) No vials may be thrown in 

the trash or receptacles not expressly designated for this purpose. 

18.2. All solvents must be disposed of by pouring them out over charcoal. No solvent may be poured 

down the drain or disposed of in any other non-hygienic manner. 

18.3. All spent charcoal must be disposed of by placing it in the charcoal disposal bin located in the 

extractions lab. 

19. Method References 
19.1. "Semivolatile Organic Compounds by Gas Chromatography/Mass Spectrometry (GC/MS): 

Method 8270D, Test Methods for Evaluating Solid Waste (SW-846), Revision 4, January, 1998. 

19.2. USEPA Contract Laboratory Program Statement of Work for Organics Analysis, Multi-Media, 

Multi-Concentration Revision OLM03.1, August, 1994. 
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19.3. “Determinative Chromatographic Separations”:  Method 8000C, Test Methods For Evaluating 

Solid Waste (SW-846), Revision 3, March, 2003. 

19.4. Department of Defense QSM, Version 3, Revision 5, June, 2003. 

20. Appendices 
20.1. Appendix 20.1: Manual Data Integration 

20.2. Appendix 20.2: GC-MS-SIM – Organophosphorous Pesticide Target Analytes, Scan 

Descriptors, Quantitation Ions 

20.3. Appendix 20.3: DFTPP key ions and ion abundance criteria. 

20.4. Appendix 20.4: GC-MS Conditions 

20.5. Appendix 20.5: GC and GC/MS Semivolatile Organics Logbook (Example) 

20.6. Appendix 20.6: Peak Tailing Factor Calculation 

20.7. Appendix 20.7: Extract Screening Procedure 
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Appendix 20.1 

Manual Integration 
Manual Adjustment:   Modern chromatographic instruments include computer software to 

identify a detector response as a chromatographic peak, characterize that peak and determine 

the relative height or area of the signal. The software utilizes parameters (threshold, slope, etc.) 

that are adjusted by the instrument operator to optimize the results.  A single set of operator 

controlled settings that determine peak characteristics for an entire data file (or sets of data 

files) is defined as an “automated procedure.” An automated procedure often characterizes 

chromatographic peaks incorrectly. ARI requires that trained analysts identify and resolve these 

errors using an alternative automated procedure or a “manual adjustment” of the data. Manual 

adjustment is defined as the process used by an analyst to adjust an individual peak or a 

subset of data in a chromatographic file. 

The settings for the routine automated procedure normally used to process chromatographic 

data for this SOP are listed below for both the total (or reconstructed) ion chromatogram (RIC) 

used for the quantitation of TIC’s and for the extracted ion current profile (EICP) used for the 

quantitation of target compound analytes and surrogates. 

 

Parameter RIC EICP 
Peak Detection - Start 0.200 0.200 

Peak Detection - End 0.000 0.000 

Bunch 1 1 

Peak Smoothing on off 

Area Cutoff 0 % 5 % 
Maximum Peaks to 

Detect  200 100 

Baseline Reset 3 - 5 5 

Set Valley 100 100 
 

Trained analysts may substitute one automated procedure for another in order to optimize peak 

characteristics. The use of an alternate automated procedure must be permanently 

documented using either a software generated log file or analyst notes. 

Manual adjustment of chromatographic peak characteristics will be used to correct the results 

of an automated procedure that, in the trained analyst’s opinion, are clearly incorrect and will 

result in erroneous peak identification, integration or quantification. 
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Manual adjustment will be implemented in a reasonable and consistent manner. The 

adjustment shall include only the area attributed to the specific target compound. The area 

adjusted shall not include baseline background noise. The area adjusted shall not extend past 

the points where the sides of the peak intersect with the baseline noise. 

All manually adjusted data shall be clearly identified for approval in the data review process. A 

permanent record of all manual adjustments shall be maintained in both electronic and 

hardcopy versions of the data. 

Manual adjustment of chromatographic data will not be used to falsify data for any purpose or 

as a substitute for corrective action on the chromatographic system. Falsification of data 

through the use of manual peak adjustment is unethical, unlawful and will result in the 

termination of the offending analyst. 

An analyst who changes an integration must identifying the manual integration on the 

quantitation report then initial and date the report. 

All manually integrated reported data will be flagged, and, when mandated by project-specific 

requirements, the final data report and associated documentation must provide justification for 

manual integrations. 
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Appendix 20.2 

GC-MS-SIM – Organophosphorous Pesticide Target Analytes, 
Scan Descriptors, Quantitation Ions 

Scan 
Group 

Start 
Time 
(min) 

Ions Scanned Internal Standard 
Associated Analyte CAS Number Primary 

Ion 
RL Water 

µg/L3 
RL Soil 
µg/Kg4 

Naphthalene d8 – IS1  136   1 0.00 79, 108, 109, 
136, 137, 185 Dichlorvos 62-73-7 109 0.08 8 

Mevinphos (Phosdrin) 7786-34-7 127 0.04 4 
2 8.00 

99, 109, 127, 
160, 161, 

162, 164, 192 Acenaphthene-d10 – IS1  164   

Demeton-S 8065-48-3 88 0.20 20 
Ethoprop (Ethoprofos) 13194-48-4 158 0.20 20 3 10.30 

60, 88, 89, 
97, 99, 126, 

155, 158, 211 Tributyl phosphate – SS2  99   
Dicrotophos 141-66-2 127 0.20 20 
Monocrotophos 6923-22-4 127 0.50 50 
Sulfotepp 3689-24-5 322 0.20 20 

4 10.90 

75, 79, 93, 
97, 109, 121, 

127, 145, 
192, 322 Phorate 298-02-2 75 0.04 40 

5 11.40 60, 87, 88, 
93, 125 Dimethoate 60-51-5 87 0.20 20 

Phenanthrene-d10 – IS1  188   
Diazinon 333-41-5 137 0.04 40 6 11.80 

88, 89, 97, 
137, 179, 

187, 188, 199 Disulfoton 298-04-4 88 0.04 40 
Methyl Parathion 298-00-0 109 0.20 20 
Fenchlorophos (Ronnel) 299-84-3 285 0.20 20 

7 12.70 

109, 125, 
146, 160, 
179, 188, 
263, 285, 
287127,  

Malathion 121-75-5 173 0.20 20 

Fenthion 55-38-9 278 0.20 20 8 13.71 97, 105, 109, 
125, 127, Chlorpyrophos 2921-88-2 197 0.04 4 



 

Analytical Resources, Incorporated 
Analytical Chemists and Consultants 

 

SOP 805S Page 30 of 35 Revision 001 
Orgnophosphorous Pesticide Analysis  8/25/06 
EPA Method 8270D (GC-MS-SIM) 

Appendix 20.2 
GC-MS-SIM – Organophosphorous Pesticide Target Analytes, 

Scan Descriptors, Quantitation Ions 

Scan 
Group 

Start 
Time 
(min) 

Ions Scanned Internal Standard 
Associated Analyte CAS Number Primary 

Ion 
RL Water 

µg/L3 
RL Soil 
µg/Kg4 

Parathion 56-38-2 291 0.20 20 
Trichloronate 327-98-0 109 0.04 4 
Chlorfenvinphos 470-90-6 267 0.20 20 

  139, 153, 
193, 197, 
209, 267, 
269, 278, 
291, 297, 

298, 314, 323 
Crotoxyphos 7700-17-6 105 0.20 20 

Tetrachlorvinphos (Stirophos) 22248-79-9 109 0.20 20 
Tokuthion 3464-346-4 162 0.20 20 9 14.75 

109, 113, 
147, 162, 
169, 170, 
267, 329 Merphos Oxone 150-50-5 169 0.50 50 

Fensulfothion 115-90-2 293 0.50 50 
Ethion 563-12-2 231 0.20 20 
Bolstar (Sulprophos) 35400-43-2 156 0.20 20 10 15.60 

97, 125, 139, 
140, 153, 
156, 231, 
293, 325, 

326,  Triphenyl Phosphate – SS2  326   
EPN 2104-64-5 157 0.20 20 11 17.00 141, 157, 

169, 236, 240 Chrysene-d12 – IS1  240   
Guthion 86-50-0 160 0.50 50 
Coumaphos 56-72-4 109 0.20 20 12 17.60 77, 97, 109, 

132, 160, 226 
Alachlor 15972-60-8 160 0.20 20 

1 – Compounds followed by (IS) are internal standards 
2 – Compounds followed by (SS) are surrogate standards 
3 – Reporting Limit based on 500 mL sample and a 0.5 mL final volume 
4 – Reporting Limit based on 10 g sample and a 1.0 mL final volume 
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Appendix: 20.3 
DFTPP KEY IONS AND ION ABUNDANCE CRITERIA 

 
 

Mass Ion Abundance Criteria 

51 30-80 % of  mass 198 

68 < 2 % of  mass 69 

70 < 2 % of  mass 69 

127 25-75 % of  mass 198 

197 < 1 % of  mass 198 

198 Base peak, 100 % relative abundance 

199 5-9 % of  mass  198 

275 10-30 % of  mass 198 

365 > 0.75  of  mass 198 

441 Present  but   less than mass 443 

442 40-110 % of  mass 198 

443 15-24 % of  mass 442 
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Appendix 20.4 
GC-MS Conditions 

 

 

Quantitation Mass range: 12 Selected Mass Ranges 
Tuning Mass Range 35-500 amu 

Scan time: 1 sec/scan 
Initial temperature: 60°C, hold for 2 minutes 

Temperature program: 60-130°C at 30C°/min 130-330°C at 20C°/min 
Final temperature: 330°C, hold for 5 minutes 

Injector temperature: 250°C 
Transfer line temperature: 300°C 

Source temperature: According to manufacturer's specifications 
(170-180°C for 5972 MSD,230°C for 5973) 

Injector: Grob-type, splitless/split 
Sample volume: 1-2 µL 

Carrier gas: Helium at 30 cm/sec. 
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Appendix 5 
GC and GC/MS Semivolatile Organics Logbook 

(Example) 
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Appendix 6 
Peak Tailing Factor Calculations 
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Appendix 7 
Extract Screening Procedure 

Spike a 0.3 ml aliquot of the 0.5-1ml extract obtained from sample preparation with 6 µL of the 

internal standard solution just prior to analysis.  This is the equivalent internal standard 

concentration of 2 ng/µL of each standard in the sample. This aliquot should be prepared in an 

amber glass autosampler vial and sealed with a Teflon lined crimp cap. 

Analyze the 0.3 ml aliquot by GC/MS. The injection volume must be the same volume used for the 

calibration standards.  The recommended GC/MS operating conditions to be used are specified in 

Section 11.6. 

If the response for any target analyte exceeds 10/50 ng/µl (high point of the initial calibration curve 

for PNAs or PCP respectively), extract dilution must take place.  See Section 16 for guidance on 

dilutions. 
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1. Scope and Application 
1.1. This method details the separatory funnel extraction procedure for water samples or TCLP 

extracts in preparation for 8151A, chlorinated herbicide analysis.  This SOP is written to meet the 

requirements of SW-846, Method 3510-C. 

2. Definitions 
2.1. ECD (Electron Capture Detector) – A gas chromatographic detector that is specific and 

sensitive to halogenated organic compounds. 

2.2. Laboratory Control Sample (LCS) – A sample matrix, free from the analytes of interest, spiked 

with verified amounts of analyes or a material containing known amounts of analytes.  It is 

generally used to establish intra-laboratory or analyst-specific precision or to assess the 

performance of all or a portion of the measurement system. 

2.3. Matrix Spike (MS): A sample prepared by adding a known mass of target analyte to a specified 

amount of sample matrix for which an independent estimate of target analyte concentration is 

available.  Matrix spikes are used, for example< to determine the effect of the sample matrix on 

a method’s recovery efficiency. 

2.4.  Matrix Spike Duplicate (MSD): A second replicate matrix spike prepared in the laboratory and 

analyzed to obtain a measure of the precision of the recovery for each analyte. 

2.5.  Method Blank (MB) – A sample of a matrix similar to the batch of associated samples (when 

available) that is free from the analytes of interest and is processed simultaneously with and 

under the same conditions as samples through all steps of the analytical procedures, and in 

which no target analytes or interferences are present at concentrations that impact the analytical 

results for sample analyses. 

2.6. Surrogate – A substance with properties that mimic the analyte of interest.  It is unlikely to be 

found in environment samples and is added to evaluate extraction efficiency.. 

3. Interferences 
3.1. Standard solutions, solvents or supports materials must not contain extraneous compounds or 

other chemical interferences.  All standards are verified by GC/ECD or GC/MS prior to use.  All 

solvent lots and support materials are checked for purity prior to use. 

3.2. Glassware used in the procedure is cleaned and kiln fired as described in ARI SOP 301S.   

3.3. Some lots of methylene chloride may contain impurities that could interfere with analyses.  Use 

solvents from a supplier’s lot that have is verified free of contaminates  

3.4. Laboratory supplies and equipment are potential sources of interfering contamination 

3.4.1. Make sure items such as gloves, bench paper, rubber stoppers should not come into 

contact with samples or extracts. 
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3.4.2. Use glassware that is thoroughly cleaned, kiln fired (SOP # 301S) and solvent rinsed. 

3.5. Airborne dust and other debris may contaminate samples. Samples and extracts must be 

covered at all times. 

3.6. Naturally occurring non-petroleum organic material may contribute to biogenic interferences. 

Acid/silica gel clean-up can be used to assist in the reduction or elimination of these 

interferences. 

4. Safety  
4.1. The toxicity or carcinogenicity of each reagent used in this SOP is not been precisely defined. 

Treat each chemical compound as a potential health hazard. Reduce exposure to all chemicals 

to the lowest possible level by whatever means available. 

4.2. Always wear appropriate PPE (personal protective equipment) when working in the Organics 

Extraction Laboratory. Gloves, safety glasses, ear protection, lab coats, respirators, face shields, 

etc. are provided for your protection 

4.3. DO NOT attempt to cleanup solvent spills in the laboratory.  Immediately evacuate the area 

and contact a member of the Emergency Response Team (ERT). 

4.4. Material Safety Data Sheets (MSDS) that outline hazards, exposure treatments and regulatory 

guidelines are available for all chemicals used in this procedure and should be consulted as the 

need may arise. The MSDS file is located in the central project management area.  MSDS are 

also available online, at http//hazard.com/MSDS/. 

4.5. Environmental Samples may contain hazardous waste; treat them as potential health hazards.   

4.6. Dispose of all unwanted, broken glassware into a broken glassware disposal box. Inspect every 

piece of glassware prior to use.  Do not use glassware that is chipped, cracked, etched, or 

scratched. Glassware with minor damage should be stored for repair. 

4.7. Use nitrile (blue) gloves when working with organic solvents; latex gloves are not appropriate 

for working with methylene chloride. 

4.8. Dispose of all unwanted, broken glassware into a broken glassware disposal box. Inspect every 

piece of glassware. Do not glassware that is chipped, cracked, etched, or scratched. Glassware 

with minor damage should be set aside for repair. 

5. Equipment and Supplies 
5.1. Equipment 

5.1.1. Personal protective equipment (PPE) 

5.1.1.1. Gloves 

5.1.1.2. Laboratory coat 

5.1.1.3. Goggles 
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5.1.2. wide range pH paper 

5.1.3. Glass etcher / engraver 

5.1.4. Water Bath, Precision Scientific51220042 or equivalent 

5.1.5. Zymark TurboVap LV (Set at 40°C) 

5.1.6. Centrifuge Beckmann GP or equivalent 

5.1.7. Hamilton gastight syringes: 100µL, 250µL, 10ml 

5.2. Glassware 

5.2.1. Graduated cylinder, glass, pre-cleaned graduated ‘to deliver’. One 100, 1000 or 2000 mL 

cylinder per sample depending on volume of ample to be extracted 

5.2.2. Separatory funnel (SF), glass with PTFE stopper and stopcock plug (one for each 

sample) 

5.2.2.1. 1000 mL SF for 500 mL samples 

5.2.2.2. 250mL SF for 100 mL (TCLP) samples 

5.2.3. Erlenmeyer flask, Glass, 250 mL (one for each sample) 

5.2.4. Erlenmeyer flask, glass, 500 mL 

5.2.5. Centrifuge bottles, glass, 200 mL 

5.2.6. Powder Funnel, glass, 70mm 

5.2.7. Kuderna-Danish concentrating apparatus, glass, single walled with 10mL concentrator 

tube, 500mL concentrator flask and three-ball Snyder Column 

5.2.8. Turbo Tube, glass, 60 mL with 0.5 mL reservoir 

5.2.9.  ‘Tilt-a-pet” dispenser, glass, 30 or 60 mL used to add a measured volume of extracting 

solvent to the sample in a separatory funnel 

5.2.10. Pasteur Pipette, borosilicate glass, 5 ¾ inch, disposable 

5.2.11. Centrifuge tube, borosilicate glass, 15mL. 

5.3. Supplies 

5.3.1. Boiling Chips – PTFE (Chemware) 

5.3.2. Wide Sharpie Permanent Pen 

5.3.3. Pink label tape 

5.3.4. Kimwipe 

6. Reagents and Standards 
6.1. Hexane, residue analysis grade. 

6.2. Methylene Chloride, residue analysis grade. 

6.3. Acetone, residue analysis grade. 

6.4. 7:3 methylene chloride/hexane mixture. 
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6.5. 7:3 methylene chloride/acetone mixture. 

6.6. 1 to1 sulfuric acid solution is prepared by adding 500 mL of sulfuric acid to 500 mL of organic 

free water. 

6.7. 10N sodium hydroxide is prepared by adding 400g of sodium hydroxide pellets to 1L of organic 

free water 

6.8. Anhydrous acidified sodium sulfate is prepared by baking in kiln at 400 for 4 hours. To 800 

grams of anhydrous sodium sulfate add 200ml of diethyl ether containing 1 ml of concentrated 

sulfuric acid. Mix the sodium sulfate well and evaporate the diethyl ether under vacuum. 

6.9. Organic Free Water (OFW) – ASTM Type 1 Water (18.6 megaohm resistivity) produced using 

ARI’s central water purification system. 

6.10. Spiking solutions prepared and verified by the GC laboratory.  Verify that all labeling is clear 

and complete prior to using one of these solutions.  Preparation of the solutions is documented 

in the Reagent Preparation Logbook (form 10076F) 

7. Sample Collection, Preservation, Shipment and Storage 
7.1. Store all water samples at 2°C to 6°C.  Warm the samples to ambient temperature prior to 

extraction. 

7.2. Required holding time for all water samples is 7 days from sample collection.  Extract aqueous 

samples within seven days of collection.  When holding times are or may be compromised inform 

your supervisor immediately 

7.3. TCLP and SPLP extracts are considered water samples with a 7 holding time. 

7.4. Some samples are shared with the metals and or conventionals laboratories.  These samples 

are placed in a share bin in Refrigerator 5.  SOP 1019S includes procedures for handling shared 

samples.   

8. Quality Control 
8.1. One method blank will be extracted for each batch of 20 or fewer samples. 

8.2. One LCS (spike blank) will be extracted for each batch of 20 or fewer samples. 

8.3. For TCLP, one matrix spike will be extracted for each batch of 20 or fewer samples. 

8.4. Upon client’s request one MS/MSD will be extracted for each batch of 20 or fewer samples, 

providing sufficient sample is available for the analysis.  If insufficient volume is received for 

MS/MSD for each batch of 20 samples, a LCS Duplicate will be extracted. 

8.5. To verify that surrogate and matrix spiking is accurate, spiking will be witnessed and 

documented by a second laboratory technician. 

8.6. For the procedure, take things slowly and carefully and write down any noted problems or 

deviations on the Analyst Notes Form (Form 3056F). Even if you believe the deviation will not 
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affect the final result, you may not be aware of how dramatically some of these changes may 

affect surrogate and matrix spike recoveries. If you run into technical problems that cannot be 

answered by your supervisor, notify the GC supervisor or the senior chemist immediately for 

instructions. 

8.7. Use a permanent marker to label all glassware and vials. 

8.8. Always check the sample ID when transferring or vialing samples and extracts, or when 

changing glassware. 

8.9. Constant attention must be given to extracts when they are on the water bath or turboVap.  

Check extracts often when solvent levels are low to ensure extracts do not concentrate to 

dryness. 

8.10. Review the Special Analytical Requirements Form (Form 3002F) prior to extracting samples 

to determine how the samples are to be extracted. 

8.11. The LIMS Data entry person will review all Extraction Requirement sheets (Form 3002F) and 

bench sheets before distribution. 

8.12. All logbooks are reviewed monthly for completeness and accuracy by the laboratory 

supervisor 

8.13. The QA section will periodically review the standard preparation process, including standard 

bottles, logbooks and standard certificates and traceability to standardized sources. 

9. Calibration and Standardization 
9.1. Not Applicable 

10. Procedure 
10.1. Review the special analytical requirements form prior to extracting samples to determine if 

special procedures are required. 

10.2. Fill out a bench sheet for the job. 

10.3. Warm the samples to room temperature. 

10.4. Label each separatory funnel with a piece of pink tape containing the following information: 

ARI job number, sample ID letter, matrix ID, type of extraction (Herb, or Herb TCLP) and for the 

Method Blank (MB) and the LCS, the date. 

10.5. Measure 500 mL deionized water into each of two 1000 mL separatory funnels, one to use as 

a MB and one to use as the LCS.  For TCLP extraction, prepare two 250 mL separatory funnels 

with 100 mL of TCLP solution (i.e. the MB is extracted along with the sample by the Metals Prep 

Laboratory), one for use as a MB and one for use as the LCS. 

10.6. Samples received in bottles for the correct volume of 500 mL are marked with a glass etcher 

at the meniscus line.  Transfer the sample to the Separatory Funnel.  The bottles are rinsed with 
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30 mL of DI water containing one pipette of 10N sodium hydroxide.  The rinsate is added to the 

separatory funnel and the contents are mixed well.  Verify that the pH of the sample is > 12  

using a pipette and broad range pH paper.  Add additional 10N sodium hydroxide drop wise as 

needed until pH ≥ 12. 

10.7.  Sample volumes are determined by filling the bottles to the etched marks with tap water and 

measuring with a graduated cylinder calibrated to contain.  Samples received in incorrect bottles 

for volumes (i.e. 1 L bottles for a 500 mL analysis) will be measured in a graduated cylinder, 

using one cylinder for each sample.  If there are insufficient cylinders for the batch, the cylinder 

will be cleaned before it is used for another sample (See ARI SOP 301S, Contrex AP Bath, Acid 

Bath, D.I. Water Bath, Acetone Rinse, Methylene Chloride Rinse) (NOTE:  no residual acetone 

should be left from the acetone rinse).  

10.8. Add surrogates to each sample, MB, LCS and MS as specified on the extraction requirement 

form, 3002F.  In addition to the surrogates, the LCS and MS receive a full list herbicide spike.  To 

verify that each surrogate and spike addition is accurate, each will be witnessed and 

documented by another laboratory technician.  

10.9. The samples are mixed well and allowed to stand at room temperature for one hour to allow 

for the hydrolysis of herbicide esters to the free acids. 

10.10. After one hour add 60 ml of methylene chloride to the samples and shake the separatory 

funnel vigorously for two minutes. Allow the phases to separate and drain off the bottom layer, 

(methylene chloride), to a waste beaker. 

10.11. Acidify the sample to pH <2 with 1:1 sulfuric acid solution.  Mix well.  Use broad-range pH 

paper to check the pH.  

10.12. Prepare a 250 ml Erlenmeyer flask for each sample by adding approximately 10 gm of 

acidified sodium sulfate. 

10.13. Add 60ml of 7:3 methylene chloride/acetone to the separatory funnel and shake for two 

minutes, venting frequently.  Drain the bottom layer, (methylene chloride), into the corresponding 

Erlenmeyer flask.  Extract the sample two more times using 60 ml of 7:3 methylene 

chloride/hexane.  Each time the bottom layer should be drained into the corresponding 

Erlenmeyer flask. 

10.14. Discard the water in the separatory funnel and transfer the sample label to the 250 ml  

Erlenmeyer  containing the extract. Additional anhydrous acid sodium sulfate may be added to 

the extract in sufficient quantity so that some sodium sulfate remains “free flowing”.  Allow the 

extract to stand for one hour to remove any water in the solvent. 
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10.15. Assemble a Kuderna-Danish (K-D) concentrator by attaching a methylene chloride rinsed 10 

mL concentrator tube to a methylene chloride rinsed 500 mL evaporation flask.  Add 2-3 clean 

boiling chips to the evaporation flask.  A drying column is not needed. 

10.16. Verify that the anhydrous sodium sulfate is “free flowing” in each extract.  If it is not, add 

more anhydrous acidified sodium sulfate and wait 10-15 minutes before proceeding.  Pour the 

extract into the 500 mL KD evaporator flask, being careful not to pour any sodium sulfate into the 

flask.  Rinse the Erlenmeyer flask once with 40ml of hexane and add this to the KD as well.  

Transfer the label with the sample ID to the K-D.  Repeat for each sample. 

10.17. Discard the anhydrous sodium sulfate in the waste bucket marked for halogenated waste.  

Attach a methylene chloride rinsed three-ball Snyder column, and put the entire apparatus on a 

water bath set at approximately 100° C.  Wet the inside of the Snyder column with 1-2 mL of 

hexane before boiling starts. 

10.18. When the extract has concentrated to 4-8 mL, remove the apparatus from the water bath.  

Place the apparatus in a cooling rack and allow cooling for about ten minutes. 

10.19. Remove the Snyder column and dry all water from the joint between the flask and the 

concentrator tube with a Kimwipe.  Disassemble the tube and flask, and transfer the label with 

the sample ID to the tube. 

10.20. Use a Pasteur pipete to transfer the extract into a 15 mL disposable centrifuge tube 

equipped with a Teflon lined phenolic screw cap.  Adjust the volume to 10.0 ml with hexane and   

transfer the label with the sample ID and deliver samples to the GC lab for esterification and 

chromatographic analysis. 

11. Data Analysis and Calculations 
11.1. Not Applicable 

12. Method Performance 
12.1. QA maintains control charts for the recovery of surrogate standards and spiked compounds. 

12.2. Management periodically reviews the charts to detect and correct any negative trends in 

analyte recovery. 

13. Pollution Prevention 
13.1. Do not discard solvent contaminated solid material into trash containers.  Place the solids in 

the designated 5-gallon “satellite accumulation stations” located at various places in the 

laboratory. This includes spent sodium sulfate, glass wool, solid sample, silica gel and paper 

wipes.  Transfer the solids to a 55-gallon drum in the Hazardous Waste Room when the 

accumulation pails are  
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13.2. Pour any residual wastewater into the container in the Water Extraction Lab fume hood. 

13.3. Do not discard organic solvent into the sink.  Pour all waste solvent into the labeled 55-gallon 

drum located in the Hazardous Waste Storage Area. 

13.4. Disposed expired standards into the designated barrel in the hazardous waste room. 

13.5. Samples that are designated as hazardous waste by the LIMS “Hazardous Report” must be 

placed in the designated drum in the Hazardous Waste Storage Area when they are disposed.  

This process is described in SOP 1003S. 

14. Data Assessment and Acceptance Criteria for Quality Control Measures 
14.1. Not Applicable 

15. Corrective Actions for Out of Control Events 
15.1. Promptly report any events that may compromise the extraction process to the Organic 

Extractions Supervisor who will take appropriate steps to insure data quality.  Corrective actions 

may include, but are not limited to, notation on the Analyst Notes Form (3056F) or re-extraction 

of the sample. 

15.2. Corrective action procedures for common laboratory issues are provided in the diagrams 

provided in Section 22.2. 

16. Contingencies for Handling Out-of-Control or Unacceptable Data 
16.1. Unacceptable QA data noted during GC or GCMS analysis may result in a request for re-

extraction using a ‘Request for Re-extraction/Re-analysis Form (Form 0030F).  Re-extract 

parameters (sample volume, final volume etc.) may be modified from the original extraction 

based on analytical results. 

17. Waste Management 
17.1. Place the solids in the designated 5-gallon “satellite accumulation stations” located at various 

places in the laboratory. This includes spent sodium sulfate, glass wool, solid sample, silica gel 

and paper wipes.  Transfer the solids to the 55-gallon drum labeled “Solvent Contaminated 

Solids” located in the Hazardous Waste Room when the accumulation pails are full. 

17.2. Discard all waste solvent (Hexane and Methylene Chloride) into the 55 gallon drum labeled 

“Chlorinated Solvents” located in the Hazardous Waste Storage Area 

17.3. Disposed expired standards into the designated barrel in the hazardous waste room. 

17.4. Place samples that designate as hazardous using the LIMS “Hazardous Report” in the 

designated drum in the Hazardous Waste Storage Area when they are disposed.  SOP 1003S 

describes the process for disposal of samples.  Excess extracts and expired spiking solutions 
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must be disposed of in the container labeled “Chlorinated Solvents” located in the Hazardous 

Waste Storage Area. 

17.5. ARI’s Laboratory Chemical Hygiene Plan (CHP) describes internal hazardous waste handling 

procedures.  All analysts must be familiar with these requirements. 

17.6. ARI properly profiles and disposes all hazardous waste using an EPA registered TSD 

(Treatment, Storage and Disposal) facility. 

18.  Method References 
18.1. U.S. EPA, "Separatory Funnel Liquid-Liquid Extraction", (SW-846), Method 3510C, Rev. 3, 

December, 1996. 

18.2. U.S. EPA, "Acid-Base Partition Cleanup", (SW-846), Method 3650, Rev. 1, July, 1992. 

18.3. (SW-846) “Chlorinated Herbicides by GC Using Methylation or Pentafluorbenzylation 

Derivatization”, Method 8151A, Rev.1, December, 1996 
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1. Scope and Application 
1.1. This method details the extraction procedure for soil samples by to meet the requirements of 

SW-846, Method 8151, and Method 3550B. 

2. Summary of the Procedure 
2.1. Sediment samples are acidified and extracted with sonication into a suitable solvent.  Because 

samples may contain herbicides as both free acids and esters, the extracts are subjected to a 

hydrolysis step that converts the esters into the acid form. 

2.2. Prior to analysis the herbicides are converted into the methyl esters by derivatization with 

diazomethane in the gas chromatography laboratory. 

3. Definitions 
3.1. Laboratory Control Sample (LCS) – A sample matrix, free from the analytes of interest, spiked 

with verified amounts of analyes or a material containing known amounts of analytes.  It is 

generally used to establish intra-laboratory or analyst-specific precision or to assess the 

performance of all or a portion of the measurement system. 

3.2. Matrix Spike (MS): A sample prepared by adding a known mass of target analyte to a specified 

amount of sample matrix for which an independent estimate of target analyte concentration is 

available.  Matrix spikes are used to determine the effect of the sample matrix on a method’s 

recovery efficiency. 

3.3.  Matrix Spike Duplicate (MSD): A second replicate matrix spike prepared in the laboratory and 

analyzed to obtain a measure of the precision of the recovery for each analyte. 

3.4.  Method Blank (MB) – A sample of a matrix similar to the batch of associated samples (when 

available) that is free from the analytes of interest and is processed simultaneously with and 

under the same conditions as samples through all steps of the analytical procedures, and in 

which no target analytes or interferences are present at concentrations that impact the analytical 

results for sample analyses. 

3.5. Surrogate – A substance with properties that mimic the analyte of interest.  It is unlikely to be 

found in environment samples and is added to them for quality control purposes. 

4. Interferences 
4.1. Standard solutions, solvents or supports materials must not contain extraneous compounds or 

other chemical interferences.  All standards are verified by GC/ECD or GC/MS prior to use.  All 

solvent lots and support materials are checked for purity prior to use. 
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4.2. Glassware used in the procedure is cleaned and kiln fired as described in ARI SOP 301S.  

Glassware is rinsed with clean solvent just prior to use. 

4.3. Some lots of methylene chloride may contain impurities that could interfere with analyses.  Use 

solvents from a supplier’s lot that have is verified free of contaminates  

4.4. Laboratory supplies and equipment are potential sources of interfering contamination 

4.4.1. Make sure items such as gloves, bench paper, rubber stoppers should not come into 

contact with samples or extracts. 

4.4.2. Use glassware that is thoroughly cleaned, kiln fired (SOP # 301S) and solvent rinsed. 

4.5. Airborne dust and other debris may contaminate samples. Samples and extracts must be 

covered at all times. 

5. Safety  
5.1. The toxicity or carcinogenicity of each reagent used in this SOP is not been precisely defined. 

Treat each chemical compound as a potential health hazard. Reduce exposure to all chemicals 

to the lowest possible level by whatever means available. 

5.2. Always wear appropriate PPE (personal protective equipment) when working in the Organics 

Extraction Laboratory. Gloves, safety glasses, ear protection, lab coats, respirators, face shields, 

etc. are provided for your protection 

5.3. DO NOT attempt to cleanup solvent spills in the laboratory.  Immediately evacuate the area 

and contact a member of the Emergency Response Team (ERT). 

5.4. Material Safety Data Sheets (MSDS) that outline hazards, exposure treatments and regulatory 

guidelines are available for all chemicals used in this procedure and should be consulted as the 

need may arise. The MSDS file is located in the central project management area.  MSDS are 

also available online, at http//hazard.com/MSDS/. 

5.5. Environmental Samples may contain hazardous waste; treat them as potential health hazards.   

5.6. Dispose of all unwanted, broken glassware into a broken glassware disposal box. Inspect every 

piece of glassware prior to use.  Do not use glassware that is chipped, cracked, etched, or 

scratched. Glassware with minor damage should be stored for repair. 

5.7. Use nitrile (blue) gloves when working with organic solvents; latex gloves are not appropriate 

for working with methylene chloride. 

5.8. Dispose of all unwanted, broken glassware into a broken glassware disposal box. Inspect every 

piece of glassware. Do not glassware that is chipped, cracked, etched, or scratched. Glassware 

with minor damage should be set aside for repair. 

6. Equipment and Supplies 
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6.1. Equipment 

6.1.1. Personal protective equipment (PPE) 

6.1.1.1. Gloves 

6.1.1.2. Laboratory coat 

6.1.1.3. Goggles 

6.1.2. Water Bath, Precision Scientific51220042 or equivalent 

6.1.3. Zymark TurboVap LV (Set at 40°C) 

6.1.4. UltraSonic Mixer – Branson 450 with ¾” titanium horn 

6.1.5. Drying oven (VWR BIOE) set at 105 C (±5) 

6.1.6. Analytical Balance- Top loading, readable to 0.02g 

6.1.7. Centrifuge Beckmann GP or equivalent 

6.1.8. Hamilton gastight syringes: 100µL 

6.1.9. Gas Chromatograph:  Analytical system complete with gas chromatograph, and all 

required accessories including detectors, analytical columns, recorder, gases, and syringes.  

A data system for measuring peak heights or peak areas is also required.   

6.1.9.1. Detectors: 

6.1.9.2. Electron capture detector (ECD) 

6.1.9.3. Flame ionization detector (FID) 

6.1.9.4. Column:  DB-5M (0.53 mm ID) 

6.1.9.5. Recorders: HP 4 + (Printer) 

6.2. Glassware 

6.2.1. Erlenmeyer flask, Glass, 250 mL (one for each sample) 

6.2.2. Centrifuge bottles, glass, 200 mL 

6.2.3. Beaker, glass, 400mL (one for each sample) 

6.2.4. Powder Funnel, glass, 100 mm 

6.2.5. Kuderna-Danish concentrating apparatus, glass, single walled with 10mL concentrator 

tube, 500mL concentrator flask and three-ball Snyder Column 

6.2.6. Turbo Tube, glass, 60 mL with 0.5 mL reservoir 

6.2.7.  ‘Tilt-a-pet” dispenser, glass, 30 or 60 mL used to add a measured volume of extracting 

solvent to the sample in a separatory funnel 

6.2.8. Drying column, glass, micro (16mm x 297mm) 

6.2.9. Vial auto sampler clear glass, 2.5mL with PTFE lined crimp cap. 

6.2.10. Pasteur Pipette, borosilicate glass, 5 ¾ inch, disposable 

6.2.11. Glass stir rod 
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6.3. Supplies 

6.3.1. Spatula, stainless steel  

6.3.2. Weighing dish, Aluminum 

6.3.3. Filter Medium, 0.45µm, Whatman Puridisc ® (13mm PTFE) or equivalent 

6.3.4. Filter Medium, 0.45µm, Whatman Puridisc ® (25mm PTFE) or equivalent 

6.3.5. Filter Medium, 0.45µm Millex filter (13mm or 25mm PTFE) 

6.3.6. Filter Medium 0.45 µm Millipore filter (25 mm PTFE) 

6.3.7. Boiling Chips – PTFE (Chemware) 

6.3.8. Glass wool, acidified, prepared by heating at 400ºC for 4 hours. Followed by soaking in 

0.05% HCL in Acetone (0.05mL conc. HCl in 1.0 L Acetone) then air drying. 

6.3.9. Wide Sharpie Permanent Pen 

6.3.10. Pink label tape 

6.3.11. Kim wipe 

7. Reagents and Standards 
7.1. Acetone, high purity 

7.2. Hexane, high purity 

7.3. Methylene Chloride, high purity 

7.4. Concentrated sulfuric acid 

7.5. A 7:3 methylene/hexane mixture 

7.6. A 7:3 methylene/acetone mixture 

7.7. A 37% Potassium hydroxide (KOH) solution 

7.8. 1:1 sulfuric acid solution is prepared by adding 500mL of sulfuric acid to 500mL of organic free 

water 

7.9. Glass wool, acidified, prepared by heating at 400ºC for 4 hours. Followed by soaking in 0.05% 

HCL in diethyl ether (0.05mL conc. HCl in 1.0 L diethyl ether) then air drying. 

7.10. Organic Free Water (OFW) – ASTM Type 1 Water (18.6 megaohm resistivity) produced using 

ARI’s central water purification system. 

7.11. Spiking solutions prepared and verified by the GC laboratory.  Verify that all labeling is clear 

and complete prior to using one of these solutions.  Preparation of the solutions is documented 

in the Reagent Preparation Logbook (form 10076F) 

8. Sample Collection, Preservation, Shipment and Storage 
8.1. Store all water samples at 2°C to 6°C.  Warm the samples to ambient temperature prior to 

extraction. 
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8.2. Required holding time for all water samples is 7 days from sample collection.  Extract aqueous 

samples within seven days of collection.  When holding times are or may be compromised inform 

your supervisor immediately 

8.3. TCLP and SPLP extracts are considered water samples with a 7 holding time. 

8.4. Some samples are shared with the metals and or conventionals laboratories.  These samples 

are placed in a share bin in Refrigerator 5.  SOP 1019S includes procedures for handling shared 

samples.   

9. Quality Control 
9.1. One method blank will be extracted for each batch of 20 or fewer samples. 

9.2. One LCS (spike blank) will be extracted for each batch of 20 or fewer samples. 

9.3. For TCLP, one matrix spike will be extracted for each batch of 20 or fewer samples. 

9.4. Upon client’s request one MS/MSD will be extracted for each batch of 20 or fewer samples, 

providing sufficient sample is available for the analysis.  If insufficient volume is received for 

MS/MSD for each batch of 20 samples, a LCS Duplicate will be extracted. 

9.5. To verify that surrogate and matrix spiking is accurate, spiking will be witnessed and 

documented by a second laboratory technician. 

9.6. For the procedure, take things slowly and carefully and write down any noted problems or 

deviations on the Analyst Notes Form (Form 3056F). Even if you believe the deviation will not 

affect the final result, you may not be aware of how dramatically some of these changes may 

affect surrogate and matrix spike recoveries. If you run into technical problems that cannot be 

answered by your supervisor, notify the GC supervisor or the senior chemist immediately for 

instructions. 

9.7. Use a permanent marker to label all glassware and vials. 

9.8. Always check the sample ID when transferring or vialing samples and extracts, or when 

changing glassware. 

9.9. Constant attention must be given to extracts when they are on the water bath or turboVap.  

Check extracts often when solvent levels are low to ensure extracts do not concentrate to 

dryness. 

9.10. Review the Special Analytical Requirements Form (3002F), etc.) prior to extracting samples to 

determine if special procedures are required. 

9.11. The LIMS Data entry person will review all Extraction Requirement sheets (Form 3002F) and 

bench sheets before distribution. 

9.12. All logbooks are reviewed monthly for completeness and accuracy by the laboratory 

supervisor 
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9.13. The QA section will periodically review the standard preparation process, including standard 

bottles, logbooks and standard certificates and traceability to standardized sources. 

10. Calibration and Standardization 
10.1. Not Applicable 

11. Procedure 
11.1. Review the Special Analytical Requirements form prior to extracting samples to determine if 

special procedures are required. 

11.2. Fill out a bench sheet for the job. 

11.3. Warm the samples to room temperature. 

11.4. Extraction: 

11.4.1. Mix the sample to ensure that a homogeneous and representative aliquot is analyzed.  

Discard any extraneous material (rocks, sticks, etc.) and note this on the Analyst Notes form. 

11.4.2. Total solids and pH are analyzed at the time of extraction.  See ARI SOP 359S, Sample 

Screening, for details. 

11.4.3. Label each 400 mL beaker with pink label tape containing the following information: ARI 

job number, sample ID letter, matrix ID, extraction type (HERB) and, on the method blank 

(MB) and LCS, use the current date as mmddyy. 

11.4.4.  Prepare two 400 mL beakers with 15 g of anhydrous sodium sulfate for use as the MB 

and the LCS.  Weigh 15 g of sample into each corresponding 400 mL beaker.  In a fume 

hood acidify the samples to pH <2 with approximately 1 mL (1/4 pipette) of concentrated HCl 

and stir with a glass rod.  Add 15-30 g of anhydrous sodium sulfate to the soil samples and 

mix well.  The samples should have a sandy consistency.   

11.4.5. Add surrogates to each sample, MB, LCS and MS as specified on the Extraction Special 

Requirement Form (3002F). In addition to the surrogates, the LCS and MS receive a full list 

herbicide spike.  To verify that each surrogate and spike addition is accurate, each will be 

witnessed and documented by another laboratory technician. 

11.4.6. After the surrogate and spike solutions have been added, immediately pour 

approximately 90 mL of 7:3 methylene chloride/acetone into each sample. 

11.4.7. Sonicate the samples as follows: place the sonic probe into the sample beaker with the 

tip below the surface of the solvent but above the soil layer.  Set the timer for 3 minutes, the 

mode to ‘pulse’, and the duty cycle to 50%. 

11.4.8. Once the timer shuts off, remove the beaker, and pour the extraction solvent through 

the 100 mm glass funnel into a labeled Kurderna-Danish flask. 
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11.4.9. Repeat steps sonication two more times using approximately 90 mL of 70:30 

hexane/methylene chloride each time. 

11.5. Hydrolysis: 

11.5.1. To 35ml of organic free water add approximately 5 mL of 37% KOH solution. Add this 

solution and 4-5 boiling chips to each Kuderna-Danish flask.  Attach a three ball Snyder 

column to the flask and place on a water bath set at 100°C. 

11.5.2.  Periodically, swirl the flask to enhance the solvent evaporation. After the initial 

concentrating, about 15 minutes, remove the Snyder column and completely evaporate the 

remaining solvent until no solvent vapors are escaping flask, about 30 – 60 minutes total. 

11.5.3. When all the solvent has evaporated, remove the flask from the water bath and allow 

cooling. 

11.6. Clean-up & Back Extraction:  

11.6.1. Pour the basic extract (water) from the Kuderna-Danish flask into a 250 mL separatory 

funnel which has been labeled with the sample ID.  Rinse the flask two times with 

approximately 20ml of deionized water and add the rinsate to the corresponding separatory 

funnel.  

11.6.2. Verify that the pH of the extract is >12.  Dip the pointed end of a disposable 5-¾” pipette 

into the extract and verify with broad range pH paper.  Add 10 N NaOH solution, drop by 

drop if necessary, and note this on the Analyst Notes form. 

11.6.3. Add 60 mL of methylene chloride to the sample.  Seal and shake the separatory funnel 

vigorously for two minutes, periodically venting.  Allow the organic phases to separate.  

Repeat for each sample.  Drain the methylene chloride (bottom layer) into a waste beaker.  

(If an emulsion is present it must be broken up by whatever mechanical means is 

necessary.)  Repeat if the methylene chloride is pulling out any obvious color.  

11.6.4. Prepare a 250 ml Erlenmeyer flask for each sample by adding approximately 10g of 

acidified sodium sulfate.   

11.6.5. Acidify the extract to a pH < 2, with 1:1 sulfuric acid solution. 

11.6.6. Add 60 mL of 7:3 methylene chloride/acetone to the separatory funnel and shake for 

two minutes, venting often.  Drain the methylene chloride portion (bottom layer) into the 

corresponding 250 mL Erlenmeyer flask containing sodium sulfate.   Extract the water two 

more times with 60 mL of 7:3 methylene chloride/hexane.  The bottom layer should be 

drained into the Erlenmeyer flask containing sodium sulfate.  

11.6.7. Discard the water and transfer the label to the 250 mL Erlenmeyer flask containing the 

extract. Additional anhydrous sodium sulfate may be added to the extract in a sufficient 
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quantity so that some sulfate remains “free flowing”.   Allow the extract to stand for 1 hour to 

remove any water in the extract. 

11.7. Assemble a Kuderna-Danish (K-D) concentrator by attaching a 10 mL concentrator tube to a 

500 mL evaporation flask. Add 2-3 boiling chips and a blue clip. 

11.8. Pour the extract into the 500 mL KD evaporator flask being careful not to pour any sodium 

sulfate into the flask.  Rinse the Erlenmeyer flask once with 40ml of hexane and add this to the 

KD as well.  Transfer the label with the sample ID to the K-D.  Repeat for each sample. 

11.9. Attach a three ball Snyder column to the KD, and put the entire apparatus on a water bath set 

at approximately 100° C.  Wet the inside of the Snyder column with 1-2 mL of hexane before 

boiling starts. 

11.10. Once the extract has concentrated to 4-8 mL, remove the apparatus from the water bath, 

and place in a cooling rack for about 10 minutes. 

11.11. Remove the Snyder column, and remove all water from the joint between the flask and the 

concentrator tube with a Kimwipe.  Disassemble the tube and flask. Transfer the label with the 

sample ID to the tube. 

11.12. Using a Pasteur pipet, transfer the extract to a 15 mL disposable centrifuge tube, adjust the 

volume to 10.0 ml, and cap with a Teflon lined phenolic screw cap. Transfer the sample label 

with the sample ID and deliver samples to the GC lab for esterification and chromatographic 

analysis. 

12. Data Analysis and Calculations 
12.1. The Organic Extractions’ Supervisor or Lead will review all bench work and bench sheets 

before distribution. 

12.2. Review project documentation (special analytical requirements, etc), prior to extracting 

samples to determine if special procedures are required. 

12.3. The QA section will periodically review bench sheets to verify  that the documentation is clear 

and accurate. 

13. Method Performance 
13.1. QA maintains control charts for the recovery of surrogate standards and spiked compounds. 

13.2. Management periodically reviews the charts to detect and correct any negative trends in 

analyte recovery. 

14. Pollution Prevention 
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14.1. Do not discard solvent contaminated solid material into trash containers.  Place the solids in 

the designated 5-gallon “satellite accumulation stations” located at various places in the 

laboratory. This includes spent sodium sulfate, glass wool, solid sample, silica gel and paper 

wipes.  Transfer the solids to a 55-gallon drum in the Hazardous Waste Room when the 

accumulation pails are  

14.2. Pour any residual wastewater into the container in the Water Extraction Lab fume hood. 

14.3. Do not discard organic solvent into the sink.  Pour all waste solvent into the labeled 55-gallon 

drum located in the Hazardous Waste Storage Area. 

14.4. Disposed expired standards into the designated barrel in the hazardous waste room. 

14.5. Samples that are designated as hazardous waste by the LIMS “Hazardous Report” must be 

placed in the designated drum in the Hazardous Waste Storage Area when they are disposed.  

This process is described in SOP 1003S. 

15. Data Assessment and Acceptance Criteria for Quality Control Measures 
15.1. Not Applicable 

16. Corrective Actions for Out of Control Events 
16.1. Promptly report any events that may compromise the extraction process to the Organic 

Extractions Supervisor who will take appropriate steps to insure data quality.  Corrective actions 

may include, but are not limited to, notation on the Analyst Notes Form (3056F) or re-extraction 

of the sample. 

16.2. Corrective action procedures for common laboratory issues are provided in the diagrams 

provided in Appendix 20.1 

17. Contingencies for Handling Out-of-Control or Unacceptable Data 
17.1. Unacceptable QA data noted during GC or GCMS analysis may result in a request for re-

extraction using a ‘Request for Re-extraction/Re-analysis Form (Form 0030F).  Re-extract 

parameters (sample volume, final volume etc.) may be modified from the original extraction 

based on analytical results. 

18. Waste Management 
18.1. Place the solids in the designated 5-gallon “satellite accumulation stations” located at various 

places in the laboratory. This includes spent sodium sulfate, glass wool, solid sample, silica gel 

and paper wipes.  Transfer the solids to the 55-gallon drum labeled “Solvent Contaminated 

Solids” located in the Hazardous Waste Room when the accumulation pails are full. 
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18.2. Discard all waste solvent (Hexane and Methylene Chloride) into the 55 gallon drum labeled 

“Chlorinated Solvents” located in the Hazardous Waste Storage Area 

18.3. Disposed expired standards into the designated barrel in the hazardous waste room. 

18.4. Place samples that designate as hazardous using the LIMS “Hazardous Report” in the 

designated drum in the Hazardous Waste Storage Area when they are disposed.  SOP 1003S 

describes the process for disposal of samples.  Excess extracts and expired spiking solutions 

must be disposed of in the container labeled “Chlorinated Solvents” located in the Hazardous 

Waste Storage Area. 

18.5. ARI’s Laboratory Chemical Hygiene Plan (CHP) describes internal hazardous waste handling 

procedures.  All analysts must be familiar with these requirements. 

18.6. ARI properly profiles and disposes all hazardous waste using an EPA registered TSD 

(Treatment, Storage and Disposal) facility. 

19.  Method References 
19.1. SW-846, "Separatory Funnel Liquid-Liquid Extraction", Method 3510-C, Revision 3, 

December, 1996.  USEPA Test Methods for Evaluating Solid Waste, (SW-846, 3rd 

Edition).Appendices 

20. Appendices 
20.1. Corrective Action Charts 
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1. Scope and Application 
1.1. This method details the extraction of water samples by separatory funnel in preparation for 

organophosphorous pesticides analysis.  The SOP is written to meet the requirements of SW-

Method 3510C. 

2. Definitions 
2.1. ECD (Electron Capture Detector) - Sensitive to organic molecules with highly electronegative 

functional groups.  Especially suitable for detecting PCB’s (polychlorinated biphenyls) and 

organochlorine pesticides. 

2.2. Laboratory Control Sample (LCS) – A sample matrix, free from the analytes of interest, spiked 

with verified amounts of analyes or a material containing known amounts of analytes.  It is 

generally used to establish intra-laboratory or analyst-specific precision or to assess the 

performance of all or a portion of the measurement system. 

2.3. Matrix Spike (MS): A sample prepared by adding a known mass of target analyte to a specified 

amount of sample matrix for which an independent estimate of target analyte concentration is 

available.  Matrix spikes are used, for example< to determine the effect of the sample matrix on 

a method’s recovery efficiency. 

2.4.  Matrix Spike Duplicate (MSD): A second replicate matrix spike prepared in the laboratory and 

analyzed to obtain a measure of the precision of the recovery for each analyte. 

2.5.  Method Blank (MB) – A sample of a matrix similar to the batch of associated samples (when 

available) that is free from the analytes of interest and is processed simultaneously with and 

under the same conditions as samples through all steps of the analytical procedures, and in 

which no target analytes or interferences are present at concentrations that impact the analytical 

results for sample analyses. 

2.6. Surrogate – A substance with properties that mimic the analyte of interest.  It is unlikely to be 

found in environment samples and is added to them for quality control purposes. 

3. Interferences 
3.1. Standard solutions, solvents or supports materials must not contain extraneous compounds or 

other chemical interferences.  All standards are verified by GC/ECD or GC/MS prior to use.  All 

solvent lots and support materials are checked for purity prior to use. 

3.2. Glassware used in the procedure is cleaned and kiln fired as described in ARI SOP 301S.  

Glassware is rinsed with clean solvent just prior to use. 

3.3. Some lots of methylene chloride may contain impurities that could interfere with analyses.  Use 

solvents from a supplier’s lot that have is verified free of contaminates  
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3.4. Laboratory supplies and equipment are potential sources of interfering contamination 

3.4.1. Make sure items such as gloves, bench paper, rubber stoppers should not come into 

contact with samples or extracts. 

3.4.2. Use glassware that is thoroughly cleaned, kiln fired (SOP # 301S) and solvent rinsed. 

3.5. Airborne dust and other debris may contaminate samples. Samples and extracts must be 

covered at all times. 

3.6. Standard solutions or solvents must not contain extraneous compounds or other chemical 

interferences.  All standards are verified by GCMS/GC/ECD prior to use.  All solvent lots and 

support materials are checked for purity prior to use. 

3.7. Naturally occurring non-petroleum organic material may contribute to biogenic interferences. 

Acid/silica gel clean-up can be used to assist in the reduction or elimination of these 

interferences. 

4. Safety  
4.1. The toxicity or carcinogenicity of each reagent used in this SOP is not been precisely defined. 

Treat each chemical compound as a potential health hazard. Reduce exposure to all chemicals 

to the lowest possible level by whatever means available. 

4.2. Always wear appropriate PPE (personal protective equipment) when working in the Organics 

Extraction Laboratory. Gloves, safety glasses, ear protection, lab coats, respirators, face shields, 

etc. are provided for your protection 

4.3. DO NOT attempt to cleanup solvent spills in the laboratory.  Immediately evacuate the area 

and contact a member of the Emergency Response Team (ERT). 

4.4. Material Safety Data Sheets (MSDS) that outline hazards, exposure treatments and regulatory 

guidelines are available for all chemicals used in this procedure and should be consulted as the 

need may arise. The MSDS file is located in the central project management area.  MSDS are 

also available online, at http//hazard.com/MSDS/. 

4.5. Environmental Samples may contain hazardous waste; treat them as potential health hazards.   

4.6. Dispose of all unwanted, broken glassware into a broken glassware disposal box. Inspect every 

piece of glassware prior to use.  Do not use glassware that is chipped, cracked, etched, or 

scratched. Glassware with minor damage should be stored for repair. 

4.7. Use nitrile (blue) gloves when working with organic solvents; latex gloves are not appropriate 

for working with methylene chloride. 

4.8. Dispose of all unwanted, broken glassware into a broken glassware disposal box. Inspect every 

piece of glassware. Do not glassware that is chipped, cracked, etched, or scratched. Glassware 

with minor damage should be set aside for repair. 
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5. Equipment and Supplies 
5.1. Equipment 

5.1.1. Personal protective equipment (PPE) 

5.1.1.1. Gloves 

5.1.1.2. Laboratory coat 

5.1.1.3. Goggles 

5.1.2. Nitrogen evaporator, N-Evap or equivalent 

5.1.3. PH meter, Checker by HANNA or equivalent 

5.1.4. Glass etcher / engraver 

5.1.5. Water Bath, Precision Scientific51220042 or equivalent 

5.1.6. Zymark TurboVap LV (Set at 40°C) 

5.1.7. Centrifuge Beckmann GP or equivalent 

5.1.8. Hamilton gastight syringes: 50µL, 250µL, 1000µL 

5.2. Glassware 

5.2.1. Graduated cylinder, glass, pre-cleaned graduated ‘to deliver’. One 100, 1000 or 2000 mL 

cylinder per sample depending on volume of ample to be extracted 

5.2.2. Separatory funnel (SF), glass with PTFE stopper and stopcock plug (one for each 

sample) 

5.2.2.1. 2000 mL SF for 1 Liter samples 

5.2.2.2. 1000 mL SF for 500 mL samples 

5.2.2.3. 250mL SF for 100 mL (TCLP) samples 

5.2.3. Erlenmeyer flask, Glass, 250 mL (one for each sample) 

5.2.4. Centrifuge bottles, glass, 200 mL 

5.2.5. Powder Funnel, glass, 70mm 

5.2.6. Kuderna-Danish concentrating apparatus, glass, single walled with 10mL concentrator 

tube, 500mL concentrator flask and three-ball Snyder Column 

5.2.7. Turbo Tube, glass, 60 mL with 0.5 mL reservoir 

5.2.8.  ‘Tilt-a-pet” dispenser, glass, 30 or 60 mL used to add a measured volume of extracting 

solvent to the sample in a separatory funnel 

5.2.9. Drying column, glass, 25 x 340 mm  

5.2.10. Vial auto sampler clear glass, 2.5mL with PTFE lined crimp cap. 

5.2.11. Pasteur Pipette, borosilicate glass, 5 ¾ inch, disposable 

5.2.12. Centrifuge tube, borosilicate glass, 15mL. 
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5.3. Supplies 

5.3.1. Boiling Chips – PTFE (Chemware) 

5.3.2. Glass wool, neutral, prepared by heating at 400 ºC for 4 hours 

5.3.3. GPC Medium, Biobeads S-X3 (200-400 mesh) or equivalent 75 g for each GPC column 

5.3.4. Wide Sharpie Permanent Pen 

5.3.5. Brown label tape 

5.3.6. Kim wipe 

6. Reagents and Standards 
6.1. Hexane, high purity 

6.2. Methylene Chloride, high purity 

6.3. Concentrated sulfuric acid 

6.4. 1:1 sulfuric acid solution is prepared by adding 500mL of sulfuric acid to 500mL of organic free 

water 

6.5. 10 N Sodium Hydroxide solution 

6.6. Anhydrous sodium sulfate, prepared by baking in kiln at 400 for 4 hours 

6.7. Organic Free Water (OFW) – ASTM Type 1 Water (18.6 megaohm resistivity) produced using 

ARI’s central water purification system. 

6.8. Spiking solutions prepared and verified by the GC laboratory.  Verify that all labeling is clear 

and complete prior to using one of these solutions.  Preparation of the solutions is documented 

in the Reagent Preparation Logbook (form 10076F) 

7. Sample Collection, Preservation, Shipment and Storage 
7.1. Store all water samples at 2°C to 6°C.  Warm the samples to ambient temperature prior to 

extraction. 

7.2. Required holding time for all water samples is 7 days from sample collection.  Extract aqueous 

samples within seven days of collection.  When holding times are or may be compromised inform 

your supervisor immediately 

7.3. TCLP and SPLP extracts are considered water samples with a 7 holding time. 

7.4. Some samples are shared with the metals and or conventionals laboratories.  These samples 

are placed in a share bin in Refrigerator 5.  SOP 1019S includes procedures for handling shared 

samples.   

8. Quality Control 
8.1. One method blank will be extracted for each batch of 20 or fewer samples. 



 

Analytical Resources, Incorporated 
Analytical Chemists and Consultants 

 

Extraction of Water Samples Page 7 of 11 Version 008 
for o,p-Pesticides  8/11/06 
SOP 326S 

8.2. One LCS (spike blank) will be extracted for each batch of 20 or fewer samples. 

8.3. For TCLP, one matrix spike will be extracted for each batch of 20 or fewer samples. 

8.4. Upon client’s request one MS/MSD will be extracted for each batch of 20 or fewer samples, 

providing sufficient sample is available for the analysis.  If insufficient volume is received for 

MS/MSD for each batch of 20 samples, a LCS Duplicate will be extracted. 

8.5. To verify that surrogate and matrix spiking is accurate, spiking will be witnessed and 

documented by a second laboratory technician. 

8.6. For the procedure, take things slowly and carefully and write down any noted problems or 

deviations on the Analyst Notes Form (Form 3056F). Even if you believe the deviation will not 

affect the final result, you may not be aware of how dramatically some of these changes may 

affect surrogate and matrix spike recoveries. If you run into technical problems that cannot be 

answered by your supervisor, notify the GC supervisor or the senior chemist immediately for 

instructions. 

8.7. Use a permanent marker to label all glassware and vials. 

8.8. Always check the sample ID when transferring or vialing samples and extracts, or when 

changing glassware. 

8.9. Constant attention must be given to extracts when they are on the water bath or turboVap.  

Check extracts often when solvent levels are low to ensure extracts do not concentrate to 

dryness. 

8.10. Review project documentation (special analytical requirements, etc.) prior to extracting 

samples to determine if special procedures are required. 

8.11. The LIMS Data entry person will review all Extraction Requirement sheets (Form 3002F) and 

bench sheets before distribution. 

8.12. All logbooks are reviewed monthly for completeness and accuracy by the laboratory 

supervisor 

8.13. The QA section will periodically review the standard preparation process, including standard 

bottles, logbooks and standard certificates and traceability to standardized sources. 

9. Calibration and Standardization 
9.1. Verify the accuracy of the pH meter using standard buffers at pH 4, 7, and 10.  

10. Procedure 
10.1. Review the Special Analytical Requirements (Form 3002F) form prior to extracting samples to 

determine specific extraction requirements. 

10.2. Fill out bench sheet for job.  (See attached example.) 
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10.3. Allow the samples to equilibrate to ambient temperature prior to extraction.. 

10.4. Label each separatory funnel with a piece of brown label tape with the following information: 

job number, sample ID letter, matrix ID, type of extraction (OP-Pest), and, for the method blank 

and the LCS, the date.  

10.5. Use a graduated cylinder to measure the volume of sample required on Form 3220F (500 or 

1000mL), and transfer it to a separatory funnel. Add 30 mL (60 mL for a 1000 mL sample) 

methylene chloride to each empty sample bottle and swirl.  Add this rinse solvent to the 

graduated cylinder and rinse it.  Add the rinsate to a separate 250mL Ehrlenmeyer flask labeled 

for each sample. Repeat for each sample.  Use a clean cylinder for each sample.  Notify the 

Extractions Supervisor immediately when there is insufficient sample to measure the volume 

required on Form 3002F. 

10.6. Prepare two separatory funnels with a volume of deionized water equal to the sample 

volumes. These are used for the method blank LCS analyses 

10.7. Measure the pH of the samples with a pH meter. It should be between pH 6-8.  If necessary, 

adjust the pH with either 1:1 sulfuric acid solution or 10 N sodium hydroxide solution.  Note 

action on Analyst Notes form.  Record the pH on the bench sheet. 

10.8. Add the volume of surrogate solution required on Form 3002F to each sample, the method 

blank and the LCS.  To verify that the surrogate spiking is accurate, surrogate addition will be 

witnessed and documented by a second laboratory technician. 

10.9. Add the volume of matrix spike solution required on Form 3002F to each sample and the LCS.  

To verify that the matrix spike addition is accurate, spike addition will be witnessed and 

documented by a second laboratory technician. 

10.10. Add the methylene chloride rinse from the 250mL Ehrlenmeyer flask to the corresponding 

sample in it’s separatory funnel.  

10.11. Seal and shake each separatory funnel vigorously for 2 minutes, periodically venting to 

release pressure in the separatory funnel.  

10.12. Allow organic and aqueous layers to separate.  Drain entire organic layer (including any 

emulsion) into the corresponding Erlenmeyer flask. 

10.13. Add 30 mL (60 mL for a 1000 mL sample) of methylene chloride to each separatory funnel, 

and then repeat Sections 10.11 and 10.12 two more times.  When an emulsion is present, it 

must be broken up by whatever mechanical means necessary until all the non-organic material 

(water, silt, etc.) is removed from the extract.  Drain the organic layer into the corresponding 

250mL Erlenmeyer flask.  After the final organic layer has been drained, dry the extract with 
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enough anhydrous sodium sulfate so that the anhydrous sodium sulfate is “free flowing”. 

Transfer the label tape to the corresponding 250mL Erlenmeyer flask. 

10.14. Assemble a Kuderna-Danish (K-D) concentrator by attaching a methylene chloride rinsed 

10mL concentrator tube to a methylene chloride rinsed 500mL evaporation flask.  Add 2-3 clean 

boiling chips.  Prepare a drying column by placing a glass wool plug inside at the narrow end and 

filling the column with anhydrous sodium sulfate to a bed height of approximately 5cm.  Rinse 

the prepared column with 30mL methylene chloride. 

10.15. Verify that the anhydrous sodium sulfate is “free flowing”.  If it not, add more anhydrous 

sodium sulfate and wait 5-10 minutes before proceeding.  Dry the extract by passing it through 

the drying column and collecting it in the K-D concentrator.  Rinse the Erlenmeyer flask three 

times with methylene chloride and add this to the column as well.  When the entire extract has 

eluted rinse the drying column with 15mL methylene chloride.  Transfer the label to the K-D. 

10.16. Remove drying column and discard the anhydrous sodium sulfate to the waste buckets 

marked for halogenated waste.  Attach a three ball Snyder column, and put entire apparatus on 

water bath.  Wet the inside of the Snyder column with 1-2mL of methylene chloride before boiling 

starts. 

10.17. Remove the Snyder column, remove all water from the joint between the flask and the 

concentrator tube with a Kimwipe, and disassemble the tube and flask.  Transfer the labels with 

sample ID to a methylene chloride rinsed pre-labeled turbo tube with a 0.5mL reservoir. Pour the 

extracts from the K-D apparatus into the corresponding turbo tube. Rinse the K-D apparatus with 

5-10 mL methylene chloride and add the rinsate to the turbo tube. 

10.18. Remove the labels from the turbo tube.  Verify the turbo tube was previously labeled at the 

top with a wide permanent pen.  Mount the turbo tubes onto the Turbo Vap tray and place inside 

the Turbo Vap set at 40 °C.  The water inside the turbovap must be as high as the level of the 

extract.  Select the row of Nitrogen nozzles to be used by pressing the row panel on the Turbo 

Vap.  Place an empty 60mL VOA vial under the nozzles not being used in the selected row to 

prevent splashing.  Set the timer on the turbovap for 5 minutes initially.  (Analyst discretion is 

advised).  Close the lid of the Turbo Vap and slowly bring the pressure of the nitrogen up to 

maximum psi by turning the pressure dial clockwise.  The extract must not be splashing.  

Concentrate the extracts to 0.5 mL, it may take additional1-5 minute intervals after the initial 5 

minute setting to complete the concentration.   When the concentration is complete, remove the 

extracts from the TurboVap immediately. 

10.19. Concentrate the extract to 1.0 mL (or the final volume specified on Form 3002F)) and filter 

through a 0.45 µm Puradisc filter to remove gross particulate matter.  Transfer the extract to a 
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2.5 mL clear auto sampler vial with PTFE lined crimp cap (labeled with the sample ID) for GC-

MS-SIM analysis. 

11. Data Analysis and Calculations 
11.1. Not Applicable 

12. Method Performance 
12.1. QA maintains control charts for the recovery of surrogate standards and spiked compounds. 

12.2. Management periodically reviews the charts to detect and correct any negative trends in 

analyte recovery. 

13. Pollution Prevention 
13.1. Do not discard solvent contaminated solid material into trash containers.  Place the solids in 

the designated 5-gallon “satellite accumulation stations” located at various places in the 

laboratory. This includes spent sodium sulfate, glass wool, solid sample, silica gel and paper 

wipes.  Transfer the solids to a 55-gallon drum in the Hazardous Waste Room when the 

accumulation pails are  

13.2. Pour any residual wastewater into the container in the Water Extraction Lab fume hood. 

13.3. Do not discard organic solvent into the sink.  Pour all waste solvent into the labeled 55-gallon 

drum located in the Hazardous Waste Storage Area. 

13.4. Disposed expired standards into the designated barrel in the hazardous waste room. 

13.5. Samples that are designated as hazardous waste by the LIMS “Hazardous Report” must be 

placed in the designated drum in the Hazardous Waste Storage Area when they are disposed.  

This process is described in SOP 1003S. 

14. Data Assessment and Acceptance Criteria for Quality Control Measures 

15. Corrective Actions for Out of Control Events 
15.1. Promptly report any events that may compromise the extraction process to the Organic 

Extractions Supervisor who will take appropriate steps to insure data quality.  Corrective actions 

may include, but are not limited to, notation on the Analyst Notes Form (3056F) or re-extraction 

of the sample. 

15.2. Corrective action procedures for common laboratory issues are provided in the diagrams 

provided in Section 22.2. 

16. Contingencies for Handling Out-of-Control or Unacceptable Data 
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16.1. Unacceptable QA data noted during GC or GCMS analysis may result in a request for re-

extraction using a ‘Request for Re-extraction/Re-analysis Form (Form 0030F).  Re-extract 

parameters (sample volume, final volume etc.) may be modified from the original extraction 

based on analytical results. 

17. Waste Management 
17.1. Place the solids in the designated 5-gallon “satellite accumulation stations” located at various 

places in the laboratory. This includes spent sodium sulfate, glass wool, solid sample, silica gel 

and paper wipes.  Transfer the solids to the 55-gallon drum labeled “Solvent Contaminated 

Solids” located in the Hazardous Waste Room when the accumulation pails are full. 

17.2. Discard all waste solvent (Hexane and Methylene Chloride) into the 55 gallon drum labeled 

“Chlorinated Solvents” located in the Hazardous Waste Storage Area 

17.3. Disposed expired standards into the designated barrel in the hazardous waste room. 

17.4. Place samples that designate as hazardous using the LIMS “Hazardous Report” in the 

designated drum in the Hazardous Waste Storage Area when they are disposed.  SOP 1003S 

describes the process for disposal of samples.  Excess extracts and expired spiking solutions 

must be disposed of in the container labeled “Chlorinated Solvents” located in the Hazardous 

Waste Storage Area. 

17.5. ARI’s Laboratory Chemical Hygiene Plan (CHP) describes internal hazardous waste handling 

procedures.  All analysts must be familiar with these requirements. 

17.6. ARI properly profiles and disposes all hazardous waste using an EPA registered TSD 

(Treatment, Storage and Disposal) facility. 

18.  Method References 
SW-846, “Separatory Funnel Liquid-Liquid Extraction,” Method 3510C, Revision 3, December, 1996. 
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1. Scope and Application 
1.1. This document details the extraction procedure for soils in preparation for organophosphorous 

pesticide analysis.  The SOP is written to meet the requirements of SW-Method 3550B. 

2. Definitions 
2.1. ECD (Electron Capture Detector) - Sensitive to organic molecules with highly electronegative 

functional groups.  Especially suitable for detecting PCB’s (polychlorinated biphenyls) and 

organochlorine pesticides. 

2.2. Laboratory Control Sample (LCS) – A sample matrix, free from the analytes of interest, spiked 

with verified amounts of analyes or a material containing known amounts of analytes.  It is 

generally used to establish intra-laboratory or analyst-specific precision or to assess the 

performance of all or a portion of the measurement system. 

2.3. Matrix Spike (MS): A sample prepared by adding a known mass of target analyte to a specified 

amount of sample matrix for which an independent estimate of target analyte concentration is 

available.  Matrix spikes are used, for example< to determine the effect of the sample matrix on 

a method’s recovery efficiency. 

2.4.  Matrix Spike Duplicate (MSD): A second replicate matrix spike prepared in the laboratory and 

analyzed to obtain a measure of the precision of the recovery for each analyte. 

2.5.  Method Blank (MB) – A sample of a matrix similar to the batch of associated samples (when 

available) that is free from the analytes of interest and is processed simultaneously with and 

under the same conditions as samples through all steps of the analytical procedures, and in 

which no target analytes or interferences are present at concentrations that impact the analytical 

results for sample analyses. 

2.6. Surrogate – A substance with properties that mimic the analyte of interest.  It is unlikely to be 

found in environment samples and is added to them for quality control purposes. 

3. Interferences 
3.1. Standard solutions, solvents or supports materials must not contain extraneous compounds or 

other chemical interferences.  All standards are verified by GC/ECD or GC/MS prior to use.  All 

solvent lots and support materials are checked for purity prior to use. 

3.2. Glassware used in the procedure is cleaned and kiln fired as described in ARI SOP 301S.  

Glassware is rinsed with clean solvent just prior to use. 

3.3. Some lots of methylene chloride may contain impurities that could interfere with analyses.  Use 

solvents from a supplier’s lot that have is verified free of contaminates  

3.4. Laboratory supplies and equipment are potential sources of interfering contamination 
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3.4.1. Make sure items such as gloves, bench paper, rubber stoppers should not come into 

contact with samples or extracts. 

3.4.2. Use glassware that is thoroughly cleaned, kiln fired (SOP # 301S) and solvent rinsed. 

3.5. Airborne dust and other debris may contaminate samples. Samples and extracts must be 

covered at all times. 

3.6. Standard solutions or solvents must not contain extraneous compounds or other chemical 

interferences.  All standards are verified by GCMS/GC/ECD prior to use.  All solvent lots and 

support materials are checked for purity prior to use. 

3.7. Naturally occurring non-petroleum organic material may contribute to biogenic interferences. 

Acid/silica gel clean-up can be used to assist in the reduction or elimination of these 

interferences. 

4. Safety  
4.1. The toxicity or carcinogenicity of each reagent used in this SOP is not been precisely defined. 

Treat each chemical compound as a potential health hazard. Reduce exposure to all chemicals 

to the lowest possible level by whatever means available. 

4.2. Always wear appropriate PPE (personal protective equipment) when working in the Organics 

Extraction Laboratory. Gloves, safety glasses, ear protection, lab coats, respirators, face shields, 

etc. are provided for your protection 

4.3. DO NOT attempt to cleanup solvent spills in the laboratory.  Immediately evacuate the area 

and contact a member of the Emergency Response Team (ERT). 

4.4. Material Safety Data Sheets (MSDS) that outline hazards, exposure treatments and regulatory 

guidelines are available for all chemicals used in this procedure and should be consulted as the 

need may arise. The MSDS file is located in the central project management area.  MSDS are 

also available online, at http//hazard.com/MSDS/. 

4.5. Environmental Samples may contain hazardous waste; treat them as potential health hazards.   

4.6. Use nitrile (blue) gloves when working with organic solvents; latex gloves are not appropriate 

for working with methylene chloride. 

4.7. Dispose of all unwanted, broken glassware into a broken glassware disposal box. Inspect every 

piece of glassware. Do not glassware that is chipped, cracked, etched, or scratched. Glassware 

with minor damage should be set aside for repair. 

5. Equipment and Supplies 
5.1. Equipment 

5.1.1. Personal protective equipment (PPE) 
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5.1.1.1. Gloves 

5.1.1.2. Laboratory coat 

5.1.1.3. Goggles 

5.1.2. Nitrogen evaporator, N-Evap or equivalent 

5.1.3. Water Bath, Precision Scientific 51220042 or equivalent 

5.1.4. Zymark TurboVap LV (Set at 40°C) 

5.1.5. UltraSonic Mixer – Branson 450 with ¾” titanium horn 

5.1.6. Drying oven (VWR BIOE) set at 105 C (±5) 

5.1.7. Analytical Balance- Top loading, readable to 0.02g 

5.1.8. Centrifuge Beckmann GP or equivalent 

5.1.9. Hamilton gastight syringes: 50µL, 250µL, 500µL, 1000µL 

5.2. Glassware 

5.2.1. Erlenmeyer flask, Glass, 5000 mL (one for each sample) 

5.2.2. Centrifuge bottles, glass, 200 mL 

5.2.3. Beaker, glass, 400mL (one for each sample) 

5.2.4. Beaker, glass, 100mL (one for each sample) 

5.2.5. Powder Funnel, glass, 100 mm 

5.2.6. Kuderna-Danish concentrating apparatus, glass, single walled with 10mL concentrator 

tube, 500mL concentrator flask and three-ball Snyder Column 

5.2.7. Turbo Tube, glass, 60 mL with 0.5 mL reservoir 

5.2.8. ‘Tilt-a-pet” dispenser, glass, 30 or 60 mL used to add a measured volume of extracting 

solvent to the sample in a separatory funnel 

5.2.9. Drying column, glass, 25 x 340 mm  

5.2.10. Vial auto sampler clear glass, 2.5mL with PTFE lined crimp cap. 

5.2.11. Pasteur Pipette, borosilicate glass, 5 ¾ inch, disposable 

5.2.12. Glass stir rod 

5.3. Supplies 

5.3.1. Spatula, stainless steel  

5.3.2. Weighing dish, Aluminum 

5.3.3. Filter Medium, 0.45µm, Whatman Puridisc ® (13mm PTFE) or equivalent 

5.3.4. Boiling Chips – PTFE (Chemware) 

5.3.5. Glass wool, neutral, prepared by heating at 400 ºC for 4 hours 

5.3.6. Wide Sharpie Permanent Pen 

5.3.7. Brown label tape 
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5.3.8. Kim wipe 

6. Reagents and Standards 
6.1. Acetone, high purity 

6.2. Hexane, high purity 

6.3. Methylene Chloride, high purity 

6.4. 95% Methylene chloride / 5% Hexane solution 

6.5. 50% Methylene chloride / 50% Acetone solution 

6.6. Anhydrous sodium sulfate, prepared by baking in kiln at 400 for 4 hours 

6.7. Organic Free Water (OFW) – ASTM Type 1 Water (18.6 megaohm resistivity) produced using 

ARI’s central water purification system. 

6.8. Spiking solutions prepared and verified by the GC laboratory.  Verify that all labeling is clear 

and complete prior to using one of these solutions.  Preparation of the solutions is documented 

in the Reagent Preparation Logbook (form 10076F) 

7. Sample Collection, Preservation, Shipment and Storage 
7.1. Store all water samples at 2°C to 6°C.  Warm the samples to ambient temperature prior to 

extraction. 

7.2. Required holding time for all water samples is 7 days from sample collection.  Extract aqueous 

samples within seven days of collection.  When holding times are or may be compromised inform 

your supervisor immediately 

7.3. TCLP and SPLP extracts are considered water samples with a 7 holding time. 

7.4. Some samples are shared with the metals and or conventionals laboratories.  These samples 

are placed in a share bin in Refrigerator 5.  SOP 1019S includes procedures for handling shared 

samples.   

8. Quality Control 
8.1. One method blank will be extracted for each batch of 20 or fewer samples. 

8.2. One LCS (spike blank) will be extracted for each batch of 20 or fewer samples. 

8.3. For TCLP, one matrix spike will be extracted for each batch of 20 or fewer samples. 

8.4. Upon client’s request one MS/MSD will be extracted for each batch of 20 or fewer samples, 

providing sufficient sample is available for the analysis.  If insufficient volume is received for 

MS/MSD for each batch of 20 samples, a LCS Duplicate will be extracted. 

8.5. To verify that surrogate and matrix spiking is accurate, spiking will be witnessed and 

documented by a second laboratory technician. 
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8.6. For the procedure, take things slowly and carefully and write down any noted problems or 

deviations on the Analyst Notes Form (Form 3056F). Even if you believe the deviation will not 

affect the final result, you may not be aware of how dramatically some of these changes may 

affect surrogate and matrix spike recoveries. If you run into technical problems that cannot be 

answered by your supervisor, notify the GC supervisor or the senior chemist immediately for 

instructions. 

8.7. Use a permanent marker to label all glassware and vials. 

8.8. Always check the sample ID when transferring or vialing samples and extracts, or when 

changing glassware. 

8.9. Constant attention must be given to extracts when they are on the water bath or turboVap.  

Check extracts often when solvent levels are low to ensure extracts do not concentrate to 

dryness. 

8.10. Review project documentation (special analytical requirements, etc.) prior to extracting 

samples to determine if special procedures are required. 

8.11. The LIMS Data entry person will review all Extraction Requirement sheets (Form 3002F) and 

bench sheets before distribution. 

8.12. All logbooks are reviewed monthly for completeness and accuracy by the laboratory 

supervisor 

8.13. The QA section will periodically review the standard preparation process, including standard 

bottles, logbooks and standard certificates and traceability to standardized sources. 

9. Calibration and Standardization 
9.1. Verify the accuracy of the pH meter using standard buffers at pH 4, 7, and 10.  

10. Procedure 
10.1. Review the Special Analytical Requirements Form 3002F (pink sheet) prior to extracting 

samples to determine if special procedures are required. 

10.2. Percent total solids and pH are analyzed at time of OP-Pest analysis using the procedure in 

Sample Screening SOP 359S. 

10.3. Prepare a bench sheet for job (see attached example). 

10.4. Allow the samples to equilibrate at ambient temperature.  Mix samples to ensure a 

homogenous and representative aliquot is used.  Discard any extraneous materials (rocks, 

sticks, etc.) and note action on analyst notes. 
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10.5. Label a 100 mL beaker for each sample with brown label tape containing the following 

information: job number, sample ID letter, matrix ID, extraction type (OP-Pest), and for the 

method blank and the LCS, the date. 

10.6. Using a top loading balance, prepare two 100 mL beakers with 10g of anhydrous sodium 

sulfate for use as a method blank and an LCS.  Weigh 10g of sample into each corresponding 

400 mL beaker.  Add 5 to 20 g of anhydrous sodium sulfate to the soil samples and mix well.  

The samples should have a sandy consistency. 

10.7. Consult Special Requirements Form 3002F and add the required volume of surrogate solution 

to each sample, the method blank and the LCS.  To verify that the surrogate spiking is accurate, 

surrogate addition will be witnessed and documented by another laboratory technician.  If the 

sample is an LCS or matrix spike, proceed to Section 10.8.  After the surrogate, spike, and 

sodium sulfate have been added, immediately pour approximately 30 mL of 1:1 methylene 

chloride/acetone into each sample. 

10.8. Following Special Requirements form 3002F add the required volume of full list spiking 

solution to each LCS. 

10.9. Following Special Requirements form add the required volume of matrix spike solution all 

matrix spike samples. To verify that matrix spiking is accurate, spike addition will be witnessed 

and documented by another laboratory technician. 

10.10. Sonicate the sample as follows:  Place the sonic probe into the sample beaker with the tip 

below the surface of the solvent but above the sediment layer. Set the timer for 3 minutes, the 

power output to 10, the mode to ‘pulse’ and the duty cycle to 50%. 

10.11. Once the timer shuts off, remove the beaker and pour the extraction solvent through a 100 

mm powder funnel, with a glass wool plug holding approximately 5 g Na2SO4, into a 500 mL 

Erlenmeyer flask which has been labeled with the sample ID. 

10.12. Repeat Sections 6.10 and 6.11 two more times.  Use 100% Methylene chloride for the third 

extraction 

10.13. Following sonication, the entire extract is poured through the funnel, the beaker is rinsed, the 

rinsate poured through the funnel.  Rinse the funnel and the extracted sample with Methylene 

chloride.  All rinses are collected in the flask.  Transfer the label with sample ID to the flask. 

10.14. Assemble a Kuderna-Danish (K-D) concentrator by attaching a methylene chloride rinsed 10 

mL concentrator tube to a rinsed 500 mL evaporation flask.  Prepare a drying column, one for 

each sample, by putting a glass wool plug inside at the narrow end and filling the column with 

anhydrous sodium sulfate to a bed height of approximately 10 cm.  Rinse the prepared column 

once with 30 mL methylene chloride. 



 

Analytical Resources, Incorporated 
Analytical Chemists and Consultants 

 

Extraction of Soil for Page 9 of 11 Version 007 
o,p-Pesticide Analysis  7/21/06 
SOP327S 

10.15. Dry the extract by passing it through the drying column and collecting it in the K-D 

concentrator.  Rinse the Erlenmeyer flask three times with methylene chloride and add this to the 

column as well.  Once the entire extract has passed through the drying column rinse the column 

with methylene chloride.  Transfer the label with the sample ID to the K-D.  Check the sample 

IDs. 

10.16. Remove drying column, add 2 - 3 clean boiling chips to the concentrator flask, attach a 

methylene chloride rinsed three ball Snyder column, and put entire apparatus on a water bath. 

Wet the inside of the Snyder column with 1 - 2 mL of methylene chloride before boiling starts. 

10.17. Once the extract reaches 4 - 6 mL, the solvent is exchanged to hexane by flushing the 

Snyder column with approximately 15 mL of 95% Metlene / 5% Hexane.  Mark an X on the label 

to indicate the exchange process has taken place 

10.18. Once the extract has concentrated to about 5-10 mL, remove the apparatus the water bath.  

Place the apparatus in a cooling rack and allow it to stand for about 10 minutes. 

10.19. Remove the Snyder column, from the K-D apparatus. Transfer the labels with sample ID to a 

methylene chloride rinsed pre-labeled turbo tube with a 0.5mL reservoir. Pour the extracts from 

the K-D apparatus into the corresponding turbo tube. Rinse the K-D apparatus with 5-10 mL 

methylene chloride and add the rinsate to the turbo tube. 

10.20. Remove the labels from the turbo tube.  Verify the turbo tube was previously labeled at the 

top with a wide permanent pen.  Mount the turbo tubes onto the Turbo Vap tray and place inside 

the Turbo Vap set at 40 °C.  The water inside the turbovap must be as high as the level of the 

extract.  Select the row of Nitrogen nozzles to be used by pressing the row panel on the Turbo 

Vap.  Place an empty 60mL VOA vial under the nozzles not being used in the selected row to 

prevent splashing.  Set the timer on the turbovap for 5 minutes initially.  (Analyst discretion is 

advised).  Close the lid of the Turbo Vap and slowly bring the pressure of the nitrogen up to 

maximum psi by turning the pressure dial clockwise.  The extract should not be splashing.  

Concentrate the extracts to 0.5 mL, it may take 1-5 minute intervals after the initial 5 minute 

setting to complete the concentration.   When the concentration is complete, remove the extracts 

from the TurboVap immediately. 

10.21. Concentrate the extract to 1.0 mL (or another specified final volume) and filter through a 0.45 

µm Puradisc filter to remove gross particulate matter.  Transfer the extract to a 2.5 mL clear auto 

sampler vial with PTFE lined crimp cap (labeled with the sample ID) for GC-MS-SIM analysis. 

11. Data Analysis and Calculations 
11.1. Not Applicable 
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12. Method Performance 
12.1. QA maintains control charts for the recovery of surrogate standards and spiked compounds. 

12.2. Management periodically reviews the charts to detect and correct any negative trends in 

analyte recovery. 

13. Pollution Prevention 
13.1. Do not discard solvent contaminated solid material into trash containers.  Place the solids in 

the designated 5-gallon “satellite accumulation stations” located at various places in the 

laboratory. This includes spent sodium sulfate, glass wool, solid sample, silica gel and paper 

wipes.  Transfer the solids to a 55-gallon drum in the Hazardous Waste Room when the 

accumulation pails are  

13.2. Pour any residual wastewater into the container in the Water Extraction Lab fume hood. 

13.3. Do not discard organic solvent into the sink.  Pour all waste solvent into the labeled 55-gallon 

drum located in the Hazardous Waste Storage Area. 

13.4. Disposed expired standards into the designated barrel in the hazardous waste room. 

13.5. Samples that are designated as hazardous waste by the LIMS “Hazardous Report” must be 

placed in the designated drum in the Hazardous Waste Storage Area when they are disposed.  

This process is described in SOP 1003S. 

14. Data Assessment and Acceptance Criteria for Quality Control Measures 

15. Corrective Actions for Out of Control Events 
15.1. Promptly report any events that may compromise the extraction process to the Organic 

Extractions Supervisor who will take appropriate steps to insure data quality.  Corrective actions 

may include, but are not limited to, notation on the Analyst Notes Form (3056F) or re-extraction 

of the sample. 

15.2. Corrective action procedures for common laboratory issues are provided in the diagrams 

provided in Section 22.2. 

16. Contingencies for Handling Out-of-Control or Unacceptable Data 
16.1. Unacceptable QA data noted during GC or GCMS analysis may result in a request for re-

extraction using a ‘Request for Re-extraction/Re-analysis Form (Form 0030F).  Re-extract 

parameters (sample volume, final volume etc.) may be modified from the original extraction 

based on analytical results. 

17. Waste Management 
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17.1. Place the solids in the designated 5-gallon “satellite accumulation stations” located at various 

places in the laboratory. This includes spent sodium sulfate, glass wool, solid sample, silica gel 

and paper wipes.  Transfer the solids to the 55-gallon drum labeled “Solvent Contaminated 

Solids” located in the Hazardous Waste Room when the accumulation pails are full. 

17.2. Discard all waste solvent (Hexane and Methylene Chloride) into the 55 gallon drum labeled 

“Chlorinated Solvents” located in the Hazardous Waste Storage Area 

17.3. Disposed expired standards into the designated barrel in the hazardous waste room. 

17.4. Place samples that designate as hazardous using the LIMS “Hazardous Report” in the 

designated drum in the Hazardous Waste Storage Area when they are disposed.  SOP 1003S 

describes the process for disposal of samples.  Excess extracts and expired spiking solutions 

must be disposed of in the container labeled “Chlorinated Solvents” located in the Hazardous 

Waste Storage Area. 

17.5. ARI’s Laboratory Chemical Hygiene Plan (CHP) describes internal hazardous waste handling 

procedures.  All analysts must be familiar with these requirements. 

17.6. ARI properly profiles and disposes all hazardous waste using an EPA registered TSD 

(Treatment, Storage and Disposal) facility. 

18.  Method References 
18.1. U.S. EPA, "Sonication Extraction", (SW-846), Method 3550B, Revision 3, December, 1996. 
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Chlorinated Herbicide Analysis – EPA Method 8151A 

1. Scope and Application 
1.1. This document summarizes ARI’s procedures to detect and quantify selected chlorinated 

herbicides in organic solvent extracts of environmental aqueous and soil samples.   

1.2. These procedures are restricted to use by, or under close supervision of an analyst 

experienced in the use of gas chromatography and the interpretation of gas chromatographs. 

1.3. Routine analytes and reporting limits are: 

 

  Reporting Limits 

Aqueous Samples Solid Samples 

Sample Weight / Volume: 500 mL 500 mL 15 g 15 g 

Extract Final Volume: 10 mL 50 mL 10 mL 50 mL 

Compound Name CAS No. µg/L µg/L µg/Kg µg/Kg 

2,4-D 94-75-7 0.20 1.00 6.67 33.3 

2,4-DB 94-82-6 0.20 1.00 6.67 33.3 

2,4,5-TP (Silvex) 93-72-1 0.05 0.25 1.67 8.33 

2,4,5-T 93-76-5 0.05 0.25 1.67 8.33 

Dalapon 75-99-0 0.20 1.00 6.67 33.3 

Dicamba 1918-00-9 0.10 0.50 3.33 16.7 

Dichloroprop 120-36-5 0.20 1.00 6.67 33.3 

Dinoseb 88-85-7 0.05 0.25 1.67 8.33 

MCPA 11100-14-4 50.00 250.00 1670 8330 

MCPP  50.00 250.00 1670 8330 

PCP  0.05 0.25 1.67 8.33 

2,4-DCPA  0.25 1.25 8.33 41.7 
 

2. Summary of Procedure 
2.1. Extracted herbicide acids are methylated using Diazomethane followed by analysis of the 

esterified acids using (GC-ECD).  The concentration of detected analytes is determined by 

comparison with herbicide in solution at known concentrations.  Prior to analysis the GC-ECD 

instrument is optimized and calibrated.  The resulting GC-ECD data is reviewed, compared with 
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historic data, and verified by the analyst before it is forwarded to ARI’s project management team 

for delivery to a client. 

3. Definitions 
3.1. ECD (Electron Capture Detector) - Sensitive to organic molecules with highly electronegative 

functional groups.  An ECD is especially suitable for detecting PCB’s (polychlorinated biphenyls), 

organochlorine pesticides and chlorinated herbicides. 

3.2. Laboratory Control Sample (LCS) – A sample matrix, free from the analytes of interest, spiked 

with verified amounts of analytes or a material containing known amounts of analytes.  It is 

generally used to establish intra-laboratory or analyst-specific precision or to assess the 

performance of all or a portion of the measurement system. 

3.3. Matrix Spike (MS): A sample prepared by adding a known mass of target analyte to a specified 

amount of sample matrix for which an independent estimate of target analyte concentration is 

available.  Matrix spikes are used to determine the effect of the sample matrix on a method’s 

recovery efficiency. 

3.4. Matrix Spike Duplicate (MSD): A second replicate matrix spike prepared in the laboratory and 

analyzed to obtain a measure of the precision of the recovery for each analyte. 

3.5. Method Blank (MB) – A sample of a matrix similar to the batch of associated samples (when 

available) that is free from the analytes of interest and is processed simultaneously with and 

under the same conditions as samples through all steps of the analytical procedures, and in 

which no target analytes or interferences are present at concentrations that impact the analytical 

results for sample analyses. 

3.6. Surrogate – Surrogates are compounds chemically similar to the targeted analytes, but not 

expected to be found in environmental samples used to evaluate extraction efficiency by 

measuring recovery.  Surrogates are added to every sample analyzed. 

4. Interferences 
4.1. High purity reagents must be used to minimize interference problems. 

4.2. Contamination by carryover can occur whenever high-concentration and low-concentration 

samples are sequentially analyzed.  To reduce carryover, the sample syringe must be rinsed out 

between samples with solvent.  Whenever an unusually concentrated sample is encountered, it 

should be followed by the analysis of solvent to check for cross contamination (if needed).  

4.3. The derivatization process and ether solvent may cause interferences that can mask or distort 

the Dalapon peak. It is critical that this peak be correctly integrated. 
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4.4. Organic acids, especially chlorinated acids, cause the most direct interference with herbicide 

concentration determinations.  Phenols, including chlorophenols, may also interfere with this 

procedure. 

4.5. Alkaline hydrolysis and subsequent extraction of the basic solution should remove many 

chlorinated hydrocarbons and phthalate esters that might otherwise interfere with GC-ECD 

analysis. 

4.6. Herbicides, being strong organic acids, react readily with alkaline substances.  Therefore, acid 

rinsed glassware and glass wool must be used. 

5. Safety 
5.1. The toxicity and carcinogenicity of each reagent used in this method is not precisely defined. 

However, all compounds and solutions should be treated as health hazards, and exposure of 

these chemicals to skin and clothing should be minimized to the lowest possible level by 

whatever means available. 

5.2. Skin contact with all chemicals should be minimized by the used of nitrile gloves, safety 

glasses, and laboratory coats.  

5.3. All materials should be handled in the fume hoods to avoid exposure to fumes. 

5.4. Special care should be taken when derivatizing samples for analysis. The diazomethane 

produced by the reaction of diazald, sodium hydroxide, and methanol is both toxic and explosive. 

The methylation MUST take place within a fume hood, and the analyst should work with the sash 

down if possible. Avoid heating the solution above 90 degrees centigrade, or exposing it to alkali 

metals, as explosion may result.  

5.5. ARI maintains a current awareness file of Occupational Safety and Health Administration 

(OSHA) regulations regarding the safe handling of the chemicals specified in this method. A 

reference file of material safety data sheets (MSDS) is available to all personnel involved in the 

chemical analysis. Consult with MSDS sheets for all chemicals handled. 

6. Equipment and Supplies 
6.1. Gas chromatograph 

6.1.1. Gas chromatograph - An analytical system complete with a temperature-programmable 

gas chromatograph suitable for splitless injection and all required accessories including: 

6.1.2. autosampler 

6.1.3. analytical columns Fused-silica capillary columns - One of the two following column pairs 

are used.  Columns used may vary depending on currently available technology (other 

column pairs may be used so long as they generate equivalent data): 
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6.1.4. Column 1:  DB-5, 30 m, 0.53 mm ID, 1.5 µm film/Column 2:  DB608, 30 m, 0.53 mm ID, 

0.5 µm film. 

6.1.5. Column 1:  Rtx-CLPesticides, 30 m, 0.53 mm ID, 0.50 µm film/Column 2:  Rtx-

CLPesticides II, 30 m 0.53 mm ID, 0.42 µm film. 

6.1.6. y-connectors 

6.2. gases 

6.3. ECD detectors 

6.4. Data system - A computer system must be interfaced to the GC.  The system must allow the 

recording of instrument response as a function of time 

6.5. The data must be securely stored for at least two years from date of acquisition. 

6.6. Syringes - 10 µL, 25 µL, 50 µL, 100 µL, 500 µL, 1000 µL 

6.7. Volumetric flasks, Class A - 10 mL to 1000 mL. 

6.8. Bottles - glass with Teflon-lined screw caps or crimp tops. 

6.9. Balance - Analytical, 0.0001 g. 

6.10. Autosampler vials- amber 2 ml autosampler vials with crimp caps. 

6.11. Derivatization apparatus and reagents- 

6.12. A 60 mL VOA vial, with cap and Teflon lined septum. 

6.13. A Teflon tube, pushed through the septum. 

7. .Reagents and Standards 
7.1. Diazald 

7.2. Methanol. 

7.3. 3M NaOH in methanol Acetone 

7.4. Stock Standard Preparation 

7.4.1. Prepare stock standard solutions by accurately weighing about 0.025 g of pure material. 

Dissolve the material in reagent grade hexane or other suitable solvent and dilute to volume 

in a 25 mL volumetric flask. Larger or smaller volumes can be used at the convenience of 

the analyst. When compound purity is assayed to be 97% or greater, the weight may be 

used without correction to calculate the concentration of the stock standard.  

7.4.2. Commercially prepared stock standards may be used at any concentration if they are 

certified by the manufacturer or by an independent source.  

7.4.3. Transfer the stock standard solutions into amber bottles with Teflon lined screw-caps. 

Store at 4°C and protect from light.  

7.4.4. Stock standard solutions should be checked frequently for signs of degradation or 

evaporation, especially just prior to preparing calibration standards from them.  
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7.4.5. Stock standard solutions must be re-assayed or replaced after 1 year or sooner if 

comparison with quality control check samples indicates a problem.  

7.4.6. Surrogate Stock Standard- The surrogate standard employed is 2,4-Dichlorophenylacetic 

acid.  Prepare a stock solution of this analytes with a concentration of 100 ug/mL by 

dissolving 10 mg 2,4-Dichlorophenylacetic acid in a small amount of hexane. Transfer to a 

100 mL volumetric flask and dilute to volume with methanol. 

7.4.7. Matrix Spike Stock Standards – The matrix spike standards are Dicamba, 2,4-D, and 

Silvex (2,4,5-TP).  The matrix spike is normally purchased as a commercially certified 

working solution. If prepared form neat compounds, dissolve 0.1g of material in a small 

amount of hexane. Transfer to a 100 mL volumetric flask and dilute to volume with methanol 

7.4.8. Laboratory control samples are spiked with all target analytes.  The matrix spike is  

purchased as a commercially certified working solution. 

7.5. Working solutions- working standards are prepared from stock standards or purchased as 

commercially certified mixtures. 

7.5.1. Working standards expire either on the date of expiration of the stock solutions they are 

made from, or on the manufacturer’s certified expiration date. They must be either re-

assayed or replaced at this time. 

7.5.2. Working standards must be stored at 4 ±2°C and protected from light.  

7.5.3. Working standards should be check frequently for signs of concentration or degradation. 

7.5.4. Surrogate Working Standards 

7.5.4.1. Surrogate spiking standard- the surrogate spiking standard is prepared by 

methylating the 2,4-Dichlorophenylacetic acid surrogate stock such and adjusting the 

concentration to 2 µg/mL. This solution is prepared in methanol. This solution is used to 

spike all extracted samples and QC samples with surrogates. 

7.5.5. Matrix Spike Working Standards- the matrix spike working standards are used to prepare 

MS/MSD sets as well as LCSs and LCSDs. 

7.5.5.1. The matrix spiking standard is prepared by diluting the matrix spiking stock solution 

in methanol to the appropriate concentrations.  Commercially certified solutions are 

frequently used to prepare the matrix spiking working standards. 

7.5.6. Calibration working standards- the standards used to prepare calibration curves are 

usually purchased as commercially certified mixtures. 

7.5.7. Prepare calibration working standards by diluting these commercially certified standards 

such that the concentration of each Aroclor is 500 ng/ml. 

8. Sample Collection, Preservation, Shipment and Storage 
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8.1. Extracts are delivered to refrigerator 17 in the instrument laboratory by extractions technicians.  

8.2. Analysts in the instrument lab assume custody of the sample extracts and then move them into 

refrigerator 18. 

8.3. Extracts must be stored at 4 degrees centigrade (± 2 degrees), and protected from light. 

8.4. Extracts must be analyzed within 40 days of extraction. 

9. Quality Control 
9.1. Quality control requirements for initial and continuing calibration are detailed in Section 11 of 

this document. 

9.2. Surrogate Standards are added to all samples including any MB, LCS, MS or other QA sample 

during the extraction process.  Surrogate percent recovery is calculated following an initial 

analysis to determine extraction efficiency. 

9.3. Method blanks are extracted and analyzed with every batch of twenty or less samples.  The 

purpose of a method blank is to determine the levels of contamination associated with the 

analytical process. 

9.4. Laboratory Control Sample(s) are included in each preparation batch to evaluate the accuracy 

of the analytical method independent of sample matrix-related effects. 

9.5. Matrix Spike Samples (MS/MSD) may be included in each preparation batch to evaluate the 

effects of the sample matrix on the analytical process. 

9.5.1. As part of a client's QA/QC program, water rinsate samples and/or field/trip blanks (field 

QC) may accompany soil/sediment samples and/or water samples that are delivered to the 

laboratory for analysis.  The laboratory will not perform MS/MSD analysis on any of the field 

QC samples. 

9.5.2. If a client designates a sample to be used as an MS/MSD, then that sample must be 

used.  If there is insufficient sample remaining to perform an MS/MSD, then the laboratory 

shall choose another sample on which to perform an MS/MSD analysis.  At the time the 

selection is made, the laboratory shall notify the client that insufficient sample was received 

and identify the sample selected for the MS/MSD analysis.  The rationale for the choice of 

another sample other than the one designated by the client shall be documented in the 

narrative. 

9.5.3. If there is insufficient sample remaining in any of the samples to perform an MS/MSD, the 

laboratory shall immediately contact the client to inform them of the situation.  The client will 

either approve that no MS/MSD is required, require that a reduced sample aliquot be used 

for the MS/MSD analysis or request that a LCS/LCSD (See Section 10.3.3) analysis be 

performed. The laboratory shall document the decision in the narrative. 
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9.5.4. Dilution of MS/MSD extracts to get either spiked compounds or native analytes on scale 

is not necessary. 

9.6. Statistical Control- Internal quality control limits for analyte spike and surrogate recoveries and 

relative percent difference for matrix spike and matrix spike duplicates are statistically generated 

on a periodic basis.   

9.6.1. These quality control limits are provided to bench chemists, managers, and QA staff as 

tools for assessing data quality in real-time at the point of data generation.   

9.6.2. Practical considerations relating to their dynamic nature require their presentation in a 

document separate from this SOP.  Current control limits may be found in the ARI QAP. 

9.6.3. All analysts using this SOP must use it in conjunction with Control Limit documentation in 

order to assess data quality and any possible need for corrective actions.  

9.7. Initial Demonstration of Proficiency- Each analyst must demonstrate initial proficiency with each 

sample preparation and determinative method combination performed, by generating data of 

acceptable accuracy and precision for target analytes in a clean matrix. The laboratory must also 

repeat these procedures whenever new staff is trained or significant changes in instrumentation 

are made. The procedure is outlined in ARI’s SOP 1017 – “Training and Demonstratiopn of 

Proficiency” 

10. Calibration and Standardization 
10.1. Prior to sample analysis, the ECD on each column must be calibrated. 

10.1.1. Calibration Standard Preparation 

10.1.1.1. The high point of the initial calibration is created by taking an undiluted aliquot of 

the calibration working solution. This creates an initial calibration standard with 

concentrations of 100,000 ng/mL for MCPA and MCPP; 2000 ng/mL for 2,4-DB; 400 

ng/mL for Dicloroprop, Dalapon, and 2,4-D; 200 ng/mL for Dicamba; 100 ng/mL for Silvex, 

PCP, Dinoseb, and 2,4,5-T; and 500 ng/mL for the surrogate DCPA. 

10.1.1.2. The next four calibration standards are prepared by serial dilution. The dilutions are 

prepared in hexane. The first is prepared by diluting the calibration high point by a factor 

of two (equal volumes of hexane and calibration standard.)The next three follow the same 

pattern, diluting each standard by a factor of two. The calibration standards will thus have 

concentrations of 50,000/1000/250/200/100/50 ng/L, 25,000/500/125/100/50/25 ng/mL, 

12,500/250/62.5/50/25/12.5 ng/mL, and 6,250/125/31.25/25/12.5/6.25 ng/mL. The low 

point is prepared by using a serial dilution, but with a dilution factor of 2.5, for final 

concentrations of 2,500/50/12.5/10/5/2.5 ng/mL.  
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10.2. Introduce each calibration standard to the GC. All calibration standards, calibration 

verifications, and samples must use the same instrument parameters. Typically 2 ul injections 

are used, and this injected volume is split between the two columns using a glass y-connector 

attached to the guard column and each of the two columns. 

10.3. For each peak, calculate the Calibration Factor (CF) using the height of the peak and the 

amount of compound injected (See Section 14.1.)  

10.4. Calculate the Average CF for each peak (see section 14.2.) 

10.5. Calculate the Relative Standard Deviation (RSD) for each peak (see section 14.3.) 

10.6. The average RSD for each compound must be less than or equal to 20%.  

10.7. Target analytes that exceed 15% RSD will utilize an alternative calibration option. If the 

analyst determines that there is no detector or chromatographic peak saturation and that the 

chromatographic system is functioning properly, then the analyst will proceed as follows: 

10.7.1. A linear fit calibration that does not include the origin and generates a coefficient of 

determination (R2) that is greater than or equal to 0.99 is acceptable.  ARI will attempt to 

force calibration curve through zero.  Forcing the curve through zero is not the same as 

including the origin as a point in the calibration. When the curve is forced through zero, the 

intercept is set to 0 before the regression is calculated, thereby setting the bias to favor the 

low end of the calibration range by “pivoting” the function around the origin to find the best fit 

and resulting in one less degree of freedom. 

10.7.2. Next the analyst may attempt a quadratic non-linear calibration which may be used with 

target analytes that have six calibration points only. An additional initial calibration point may 

be considered for target analytes that require non-linear calibration if only five calibration 

points are available.  

10.7.3. Individual targets that are unable to meet the above requirements must be documented 

in the case narrative. The initial calibration may still be valid if approved on an individual 

basis by the Laboratory Supervisor and/or the Laboratory Manager. 

10.7.4. See EPA Method 8000C Section 11 for reference to linear fit and non-linear (quadratic) 

calibration. 

10.8. Retention time windows- Retention times are established with each initial calibration.   

10.8.1. ARI uses a default retention time window of ±0.05 minutes.  The use of Merlin 

Microseals (part # 310, Merlin Instrument Co. Half Moon Bay, CA) and Electronic Pressure 

Control (EPC) maintain exceptionally constant retention times. Retention time studies 

suggested by the method often result in windows of 0.01 minutes or less. 

10.8.2. Laboratory experience working with difficult matrices has shown that narrower retention 

time windows often lead to false negatives in samples with high background contamination 
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or very oily matrices.  For this reason, the analyst should still use a window of ±0.05 minutes 

to evaluate interferences. 

10.8.3. Retention time criteria may change during an analytical sequence if the RT shift is 

explainable (column maintenance) and CCVs confirm that the calibration is valid.  All such 

deviations must be explained on the Analyst Notes form. 

10.9. The instrument initial calibration (ICal) must be verified prior to use with an initial calibration 

verification (ICV).  The ICV standard is prepared using standards independent from the ICal 

standards.  The ICV standard is prepared at the same concentration as the mid-point ICal 

standard.  The ICV standard must have a percent difference ≤ 15% compared to the ICal 

midpoint calibration standard or be noted in the analyst’s notes as exceeding 15%. 

10.10. Continuing Calibration Verification (CCV). The performance of the instrument over time is 

monitored by the used of continuing calibration verifications. 

10.10.1. The CCV standards are prepared from the same source as the ICAL standards. CCV 

standards are analyzed at the concentration of the midpoint ICAL standard 

(25,000/500/125/100/50/25 ng/ml).   

10.10.2. CCVs must be analyzed at a minimum at the beginning and end of an analytical 

bracket. Preferably  CCVs should be run after every ten samples in an analytical bracket. 

10.10.3. No more than 12 hours may pass between CCVs. 

10.10.4. The retention times of all analytes in all daily CCVs must fall within the retention time 

windows established during initial calibration. 

10.10.5. Calculate the CF for each analyte in the CCV just as was done with the initial 

calibration.   

10.10.6. The %D between the CCV CF and the initial calibration’s average CF must be within 

±15%. 

11. Procedure 
11.1. Esterification 

11.1.1. Herbicides present in the solvent extracts will be in the free acid form.  These acid do 

not chormatograph well and must be derivatized prior to analysis on the GC/ECD system.  

Esterification is accomplished by treating the extracts with Diazomethane following the 

procedure below: 

11.1.1.1. CAUTION:  Diazomethane is a carcinogen and can explode under certain 

conditions.  Only perform this procedure under a fume hood. 

11.1.1.2. *Do not heat above 90° C-EXPLOSION may result  

11.1.1.3. *Avoid grinding surfaces-EXPLOSION may result 
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11.1.1.4. *Store away from alkali metals-EXPLOSION may result 

11.1.1.5. *Solutions of diazomethane will decompose rapidly in the presence of solid 

materials such as copper powder, calcium chloride, and boiling chips. 

11.1.2. Assemble the diazomethane generator: 

11.1.3. With a clean metal spatula place 0.5 to 1 inch of Diazald into a screw top 60 mL glass 

VOA vial.  

11.1.4. Add Methanol to the vial until it is about ½ full (~25 mL). 

11.1.5. Add approximately 2 mL of 3M NaOH solution with a disposable pipette and use the 

pipette end to gently mix the NaOH through the diazald/methanol.  The diazomethane gas 

should start bubbling within a few seconds.  If not, add another small amount of NaOH.  

Caution: adding too much NaOH will cause the solution to overflow. 

11.1.6. Place a Teflon tube through a hole in a Teflon-coated septum top and screw it onto the 

VOA vial.  The Teflon tube is used to purge diazomethane gas directly into each individual 

sample extract vial received from Organics Extraction. 

11.1.7. Allow the diazomethane to bubble into the sample extract until the solvent has a 

persistent yellow color. 

11.1.8. Caution should be taken to not cross contaminate from sample to sample. 

11.1.9. Log the reagent number into the Reagent Preparation logbook. . 

11.1.10. After derivatization allow the extracts to sit uncapped for five minutes to outgas any 

unreacted diazomethane. 

11.1.11. Store the esterified extracts at 4 ± 2° C away from light.  Preservation studies indicate 

that the methylated extracts should be analyzed immediately to minimize transesterification 

or other chemical reactions. 

11.2. GC Analysis 

11.2.1. The recommended GC operating conditions are as follows (samples must be run using 

the same instrument conditions as the intial calibration 

Initial temperature: 60°C, hold for 1 minute 

Temperature program: 60-270°C at 9 C°/min 

Final temperature: 270°C, hold for 3 minutes 

Injector temperature: 220°C 

Detector temperatures: 310°C 

Detector make-up gas 
flows 

40 mL/min (front) and 35 mL/min 
(back) 

Column initial flow 3.0 mL/min (hold for 12 minutes) 

Column flow ramp 10 mL/min at 1 mL/min 
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Column flow final hold 5 minutes at 5 mL/min 

Injector: Grob-type, splitless/split 

Injector Pulse 20 psi at 0.45 minutes 

Split flow 20 mL/min at 0.5 minutes 

Sample volume: 1-2 µL 

Carrier gas: Helium at 30 cm/sec. 

 

11.3. After the instrument and all extracts have been prepared, the analytical sequence may begin. 

11.3.1. Prior to sample analysis the GC system must have an acceptable initial calibration curve 

(the requirements for the calibration curve are found in Sections 11.2 through 11.9.) 

11.3.2. Prior to sample analysis a continuing calibration verification must be analyzed, and this 

CCV must meet the criteria found in Section 11.11. If time remains in the 12 hour QC period 

begun with the initial calibration, the midpoint calibration standard from the initial calibration 

may be used as the CCV provided it meets the requirements found in Section 11.11. 

11.4. GC analysis 

11.4.1. It is highly recommended that the extract be screened on a GC/ECD using the same 

type of capillary column.  This will minimize contamination of the GC system from 

unexpectedly high concentrations of organic compounds and may show high background 

samples that should be analyzed using a medium/high level extraction. 

11.4.2. Prepare an aliquot of the derivatized extract. 

11.4.3. Analyze the aliquot by GC.  The injection volume must be the same volume used for the 

calibration standards.  The recommended GC operating conditions to be used are specified 

in Section 11.2. 

11.4.4. If the response for any target analyte exceeds the response of the analyte in the high 

concentration initial calibration curve extract dilution must take place.  See Section 18 for 

guidance on dilutions.  

11.4.5. Perform all qualitative and quantitative measurements as described in Section 14.   

Store the extracts at 4°C, protected from light in screw-cap vials equipped with unpierced 

Teflon lined septa. 

11.4.6. After instrumental acquisition is complete, the data must be exported from the GC to the 

Target data system for data reduction. 

11.4.7. After the data has been moved to Target, it must be processed with the proper method. 

Once the data file is processed, the analyst must review the file in Target. It is essential in 

order to produce quality data that the analyst ensure that the computer has correctly 

integrated all peaks and baselines and correctly identified all surrogates and Aroclor peaks. 
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If corrections are required, the analyst should re-integrate incorrect aspects of the data file. If 

necessary, the analyst should include magnified chromatogram signals to show manual 

integrations (raw data printouts will include the chromatogram and will show baseline 

corrections.) 

11.4.8. After a data file has been inspected by the analyst, it must be printed to a paper 

hardcopy. The analyst must initial and date the target report to sign off on the finished data 

product, including manual corrections. 

11.4.9. The analyst then imports the quantitation numbers into the laboratory information 

management system (LIMS) so that final reports may be generated. The analyst must turn in 

for review the ARI job file, which should include copies of all bracketing CVSs, raw data for 

all the samples and associated QC, the LIMS reports, and an analyst’s note form which 

should include all deviations from procedure or otherwise noteworthy events concerning 

sample analysis. 

12. Data Analysis and Calculations  
12.1. Tentative identification of any single peak analyte occurs when a peak falls within the 

retention time window on one of the columns.  The analyst should then see if the compound is 

present on the second column. 

12.2. If overlapping or co-eluting peaks preclude identification of an analyte on one or both 

columns, report the higher of the two compound values and qualify the value with a “Y” flag 

indicating a raised reporting limit.  This flag indicates that the analyte may be present at or below 

the listed concentration, but second column confirmation was inadequate in the opinion of the 

analyst.  See Appendix 12.2 for data qualifiers. 

12.3. If the analyte is identified by the data system in the sample on either column, but the retention 

time is outside the retention time windows, the analyst should report the higher of the two column 

values qualified with the “Y” flag.  Note:  The retention time windows should be intentionally set 

wide to screen for this type of interference. 

12.4. Also use a “Y” flag if the percent difference between the two columns is >40%.  In such cases 

interference should be presumed even if not obvious and the analyte reporting limit should be 

raised to the higher value. 

12.5. If the analyte is present on both columns within the established retention time values, and the 

RPD between the two values is ≤40%, the higher of the value is reported. 

12.6. If a confirmed analyte concentration is less than the reporting limit, but above MDL level, the 

value may be “J” flagged at the PMs request.  If the response of any analyte of interest exceeds 
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the calibration range of the system, dilute the extract so the analyte of interest falls within the 

range of the calibration curve and re-analyze. 

12.7. After the data has been evaluated, the values are entered into the LIMS system which then 

processes the numbers for final reporting by using the following calculation: 

Concentration (ppm) =     (C x FV)  
AmEx x Dwt

x DF 

where: 

C = On-column concentration of product (�g/mL) 

FV = Final volume of extract (mL) 

AmEx= Amount of sample extracted (mL if water, g if soil) 

Dwt = % total solids of soil sample, ignore if the sample is a wate 
DF = Dilution factor 

12.7.1. The Retention Time (RT) windows are defaulted to 0.05 minutes as discussed in 

Section 11.9. 

12.8. Sample Quantitiation 

12.8.1. Water 

Concentration (µg/L) =    (Ax)(Is)(Vt)(DF) 
(Ais)(RRF)(Vo)(Vi) 

where: 

AX = Area of the quantitation peak for the compound being measured 

Is = Amount of internal standard injected (ng). 

Vt = Volume of total extract 

AIS = Peak area of the internal standard 

RRF = Relative response factor for compound being measured 

CX = Concentration of the analyte 

Vo = Volume of water extracted (ml) 

Vi = Volume of extract injected (µL) 

DF = Sample Dilution Factor (1 for undiluted samples) 
12.8.2. Sediment/Soil/Sludge (on a dry weight basis) and Waste (normally on a wet weight 

basis). 

Concentration (µg/kg) =      (Ax)(Is)(Vt)(DF)     
(Ais)(RRF)(Vi)(Ws)(D) 

where: 

AX = Area of the quantitation peak for the compound being measured 

Is = Amount of internal standard injected (ng). 

Vt = Volume of  total extract 
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DF = Sample Dilution Factor (1 for undiluted samples) 

AIS = Peak area of the internal standard 

RRF = Relative response factor for compound being measured 

Vi = Volume of extract injected (µL) 

Ws = Weight of sample extracted or diluted in grams 

D = % Dry weight of sample = 1.0 on an as received basis 
12.9. ARI will report the higher of the results as per Method 8000B. This approach is conservative 

relative to protection of the environment. In certain instances or for project specific requirements, 

it may be appropriate to report the lower result as per Method 8000C. This approach is only valid 

under the discretion of an experienced analyst and must be noted in the analyst’s notes and in 

the project narrative. 

13. Method Performance 
13.1. The QA department measures method performance using a combination of annual method 

detection limit (MDL) studies, performance evaluation samples, and the monitoring of surrogate 

and spike recoveries. 

13.2. Detection limits- detection limits for all analytes quantitated using this SOP are set using the 

low point of the initial calibration curve and validated by method detection limit studies. 

13.2.1. MDL studies are performed each year for each analyte by each preparatory and 

analytical method. 

13.2.2. MDL and reporting limit (RL) values may be found for each analyte in the ARI QAP 

13.3. Laboratory precision and bias measurements are performed by monitoring surrogate and 

spike recoveries in samples and quality control samples. 

13.3.1. Control limits are calculated from these recoveries.  

13.4. These control limits are disseminated to the bench chemists and LIMS administrator for use in 

monitoring method performance in real time.  

13.5. As these limits are updated regularly, their dynamic nature prevents their inclusion in this 

SOP. However, they may be found in the ARI QAP. 

13.6. This method should be performed only by experienced GC analysts, or under the close 

supervision of such analysts. 

13.7. The experience of the analyst must weigh heavily in the interpretation of the chromatogram.  

In the case of multi-component analytes such as Aroclors the analyst should rely primarily on 

pattern recognition. 

13.8. QA maintains control charts for the recovery of surrogate standards and spiked compounds. 
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13.9. Management periodically reviews the charts to detect and correct any negative trends in 

analyte recovery. 

14. Pollution Prevention 
14.1. Disposed expired standards into the designated barrel in the hazardous waste room. 

14.2. Samples that are designated as hazardous waste by the LIMS “Hazardous Report” must be 

placed in the designated drum in the Hazardous Waste Storage Area when they are disposed.  

This process is described in SOP 1003S. 

15. Data Assessment and Acceptance Criteria for Quality Control Measures 
15.1. Requirements relating to initial and continuing calibration are detailed in Section 11.0 of this 

document. 

15.2. Method Blanks- The method blank must contain less than 1/2 the reporting limit of the 

targeted analytes.  

15.3. Surrogate Recoveries 

15.3.1. All method blanks, laboratory control samples, matrix spikes, matrix spike duplicates, 

duplicates, SRMs or other samples must have acceptable surrogate recoveries.  Surrogate 

recoveries are considered unacceptable when they fall outside ARI’s statistically generated 

control limits found in the QAPP. 

15.3.2. Surrogate recovery acceptance windows are ideally determined statistically from 

method and matrix specific laboratory data updated on a periodic basis.  Certain methods or 

clients may specify project specific surrogate recovery acceptance windows. 

15.3.3. These requirements do not apply to subsequent dilutions of samples where a prior 

analysis of the diluted sample extract shows acceptable surrogate recovery. 

15.3.4. When mandated by contract-specific requirements, corrective actions must be 

performed in response to failure to meet project specific surrogate acceptance criteria, even 

when the criteria are labeled as advisory in the reference method. 

15.3.5. Surrogate acceptance criteria are both matrix and concentration level specific (e.g. low 

level vs. medium level soils).  When analyzing matrices or concentration levels for which no 

acceptance criteria are available, the closest approximation of available acceptance criteria 

may be provided as estimates for advisory purposes only. 

15.4. Laboratory Control Samples (LCS) 

15.4.1. The RPD values between the spiked herbicides values in an LCS/LCSD should be ≤ 

30%.  If the RPD exceed 30%, the analyst should examine the surrogate recovery of the 

LCS/LCSD.  Since the surrogate is a measure of extraction efficiency, if the RPD between 

the surrogate recoveries of the LCS/LCSD is ≤ 30% then no corrective action is necessary.  
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If the RPD also exceed 30%, re-extraction of all samples may be required with the following 

exception: 

15.4.2. The LCS recovery values should fall within the specified recovery acceptance limits.  If 

an LCSD is performed then relative percent difference (RPD) acceptance limits may also 

apply, if available. 

15.4.3. LCS recovery acceptance windows are ideally determined statistically from method and 

matrix-specific laboratory data updated on a periodic basis. Project or method specific limits 

may supersede laboratory acceptance criteria. 

15.4.4. When mandated by contract-specific requirements, corrective actions must be 

performed in response to failure to meet spike acceptance criteria, even when the criteria 

are labeled as advisory in the reference method. 

15.4.5. Spike acceptance criteria are both matrix and concentration level specific (e.g. low level 

vs. medium level soils).  When analyzing matrices or concentration levels for which no 

acceptance criteria are available, the closest approximation of available acceptance criteria 

may be provided as estimates for advisory purposes only. 

15.5. Matrix Spike/Matrix Spike Duplicates (MS/MSD) 

15.5.1. Matrix Spike/Matrix Spike Duplicate recovery values should fall within the specified 

recovery acceptance limits.  If a MSD is performed then relative percent difference (RPD) 

acceptance limits may also apply, if available. 

15.5.2. MS/MSD recovery and RPD acceptance windows are ideally determined statistically 

from method and matrix-specific laboratory data updated on a periodic basis. Certain 

methods or clients may require project specific MS/MSD recovery and RPD acceptance 

windows. 

15.5.3. The RPD between the spiked herbicide concentrations in the MS/MSD should be ≤ 

30%. If the RPD exceed 30%, the analyst should examine the surrogate recovery of the 

MS/MSD.  Since the surrogate is a measure of extraction efficiency, if the RPD between the 

surrogate recoveries of the MS/MSD is ≤ 30% then no corrective action is necessary.  If the 

RPD also exceed 30%, re-extraction may be required. 

15.6. Holding Times 

15.6.1. Extracts should be analyzed within the extract holding time (40 days from the date of 

extraction.) 

15.6.2. In the event that re-extraction due to an out of control event requires that samples be re-

extracted after their extraction holding time has elapsed (seven days for water and fourteen 

days for tissues/solids) the analyst should analyze and report both extraction sets, whenever 

practical, distinguishing between the initial extraction and re-extraction on all deliverables. 
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This will document that the samples were originally extracted within holding times and may 

allow for comparisons that will determine whether data quality was affected by the samples 

being analyzed out of holding. 

15.6.3. If any extracts are analyzed after the 40 day extract holding time has elapsed, the 

analyst shall document this in the analytical notes accompanying the data so that it may be 

included in the narrative 

16. Corrective Actions for Out of Control Events 
16.1. Initial and Continuing Calibrations- 

16.1.1. If the RSD for a herbicide exceeds 20%, examine the initial calibration. If the failure is 

deemed to be the result of an improperly prepared calibration standard, re-prepare the 

standard and reanalyze it. Reanalyzing or replacing a single standard must NOT be 

confused with the practice of discarding individual calibration results for specific target 

compounds in order to pick and choose a set of results that will meet the RSD or correlation 

criteria for the linear model. The practice of discarding individual calibration results is 

addressed as a fourth alternative option, and is very specific as to how a set of results are 

chosen to be discarded. If a standard is reanalyzed, or a new standard is analyzed, then ALL 

of the results from the original analysis of the standard in question must be discarded. 

Further, the practice of running additional standards at other concentrations and then picking 

only those results that meet the calibration acceptance criteria is EXPRESSLY 

PROHIBITED, since the analyst has generated data that demonstrate that the linear model 

does not apply to all of the data. 

16.1.2. If the high RSD is not due to an improperly prepared calibration standard, perform 

instrument maintenance. This maintenance includes, but is not limited to: replacing the inlet 

liner and liner packing, cleaning the inlet liner, cleaning or replacing the inlet seal, cleaning 

or replacing the inlet body, replacing the split line, cleaning the split arm, clipping a length 

from the front of the columns or guard column, or replacing the column or guard column. Any 

maintenance is to be documented in the "maintenance" section of the GC run logbook for 

that instrument.  Return to control is demonstrated by the successful analysis of an initial 

calibration. 

16.2. Continuing Calibration- All CVSs must have an average %D within 15% of the true value.. If 

the standard does not meet this QC limit, all samples run after the last acceptable standard must 

be re-analyzed, unless the GC Supervisor and/or PM allow the variance. 

16.2.1. If the % D of the CVS is greater than 15%, the CVS may still be usable if one of the 

following conditions are met: 
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16.2.1.1. If all samples are clean and the CVSs are >15% high, then the data may be 

reported.  The fact that the CVSs are high indicates that if there were hits in the samples 

they would have been detected. 

16.2.1.2. If the CVS is out for a range and the sample requires dilution, both the dilution and 

the original sample run should be reported. There is no need to have passing CVSs for a 

value that will already be flagged.  

16.2.1.3. If the CVSs fail again after the instrument has been brought back into control and 

the samples rerun, it can be assumed that the samples are responsible for the CVS 

failure and no further corrective action is necessary. Note:  To meet 18.2.1.3, both the 

original bracket and the reanalyzed bracket must be identical. 

16.2.2. The analyst should evaluate the CVS problem and recheck any previous changes due 

to instrument maintenance, (i.e. leaks from any welds, position of the column inserted in the 

injector, jagged edges at column clips, etc).  If corrective action brings the instrument back 

into compliance, then the run may continue from that point. All samples run since the last 

acceptable CVS must be rerun. Instrument maintenance may include some or all of the 

actions listed in Section 18.1.2. Changing the column or the inlet body requires a new initial 

calibration whether or not CVS meet the old calibration. 

16.2.3. If the out-of-control event cannot be reconciled, a new initial calibration must be run and 

the samples contained in the unacceptable bracket re-analyzed. 

16.3. Surrogates-  

16.3.1. If the surrogate compounds fail to meet their recovery acceptance criteria, first 

reanalyze the extract.  

16.3.2. If the surrogate recoveries do not meet their recovery acceptance criteria after 

reanalysis, check calculations, sample preparation logs, the surrogate compound spiking 

and calibration solutions and the instrument operation.  If the calculations were incorrect, 

correct the calculations and verify that the surrogate compound recoveries meet their 

acceptance criteria.  If the sample preparation logs indicate that the incorrect amount of 

surrogate compound spiking solution was added either recalculate surrogate recoveries 

based on the actual amount of surrogate compound spiking solution added, or re-

extract/reanalyze the sample, adding the correct amount of surrogate spiking solution. If the 

surrogate compound spiking solution and/or surrogate calibration solution was improperly 

prepared, concentrated, or degraded, re-prepare solutions and re-extract/reanalyze 

samples.   

16.3.3. If the analytical instrument malfunctioned, correct the instrument problem and reanalyze 

the sample extract. This correction will mostly involve maintenance similar to the 
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maintenance discussed in Section 18.1.2. Verify that the surrogate recoveries meet their 

acceptance criteria.  If the instrument malfunction affected the calibration, recalibrate the 

instrument before reanalyzing the sample extract. 

16.3.4. If the above actions do not correct the problem, then the problem may be due to a 

sample matrix effect.  To determine if there was matrix effect, take the following corrective 

action steps. 

16.3.4.1. Re-extract and reanalyze the sample.  EXCEPTION:  If surrogate compound 

recoveries in a sample used for a matrix spike and/or matrix spike duplicate were 

considered unacceptable, then it should be re-extracted/reanalyzed only if the surrogate 

compound recoveries were within the  acceptance criteria for the associated matrix spike 

(MS only) or for both the matrix spike and matrix spike duplicate analysis (MS/MSD). 

These corrective actions are also to be applied in the case of unspiked duplicates of a 

given sample which is outside acceptance criteria. 

16.3.4.2. If the surrogate compound recoveries meet acceptance criteria in the re-

extracted/reanalyzed sample, then the problem with the initial analysis is deemed to be 

within the laboratory's control.  Therefore, submit data only from the re-

extraction/reanalysis if the re-extraction was performed within holding time, otherwise 

report both sets of data. 

16.3.4.3. If the surrogate compound recoveries fail to meet the acceptance criteria in the re-

extracted/reanalyzed sample, then submit data from both analyses, distinguishing 

between the initial analysis and the re-extraction/reanalysis on all deliverables. 

16.3.4.4. Method Blanks- Corrective action for a method blank which fails acceptance criteria 

may involve re-extraction and reanalysis of all associated samples and/or "B" flagging of 

the associated sample data.  Each occurrence will be evaluated on an individual basis 

upon consultation with the Project Manager, the client, the Laboratory Supervisor, and the 

Laboratory Manager. 

16.4. Laboratory Control Samples  

16.4.1. If the LCS compounds fail to meet their recovery acceptance criteria, first reanalyze the 

extract.  

16.4.2. If the LCS recoveries do not meet their recovery acceptance criteria after reanalysis, 

check calculations, sample preparation logs, the LCS compound spiking and calibration 

solutions and the instrument operation.  If the calculations were incorrect, correct the 

calculations and verify that the LCS compound recoveries and RPD’s (if applicable) meet 

their acceptance criteria.  If the sample preparation logs indicate that the incorrect amount of 

LCS compound spiking solution was added either recalculate LCS recoveries based on the 
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actual amount of LCS compound spiking solution added or re-extract/reanalyze the samples, 

adding the correct amount of LCS spiking solution.  If the LCS compound spiking solution 

and/or LCS calibration solution was improperly prepared, concentrated, or degraded, re-

prepare solutions and re-extract/reanalyze samples.  

16.4.3. If the analytical instrument malfunctioned, correct the instrument problem and reanalyze 

the sample extract.  Verify that the LCS recoveries meet their acceptance criteria.  If the 

instrument malfunction affected the calibration, recalibrate the instrument before reanalyzing 

the sample extract. 

16.4.4. If the LCS compounds still fail to meet their acceptance criteria, re-extract and reanalyze 

the LCS and all associated samples and QC samples if deemed appropriate (i.e. after 

consideration of all batch QC data) or mandated by contract-specific requirements. Any 

decision to forgo re-extraction/reanalysis based on failure to meet LCS acceptance criteria 

will require approval of the Project Manager and the Lab Manager, at a minimum. 

16.5. Matrix Spike/Matrix Spike Duplicates 

16.5.1. If the MS/MSD compounds fail to meet their acceptance criteria, reanalyze the extracts. 

16.5.2. If this fails to bring the recoveries or RPDs into compliance, check calculations, sample 

preparation logs, the MS/MSD compound spiking and calibration solutions and the 

instrument operation.  If the calculations were incorrect, correct the calculations and verify 

that the MS/MSD compound recoveries and RPD’s (if applicable) meet their acceptance 

criteria.  If the sample preparation logs indicate that the incorrect amount of MS/MSD 

compound spiking solution was added either recalculate MS/MSD recoveries based on the 

actual amount of MS/MSD compound spiking solution added or re-extract/reanalyze the 

samples, adding the correct amount of MS/MSD spiking solution.  If the MS/MSD compound 

spiking solution and/or MS/MSD calibration solution was improperly prepared, concentrated, 

or degraded, re-prepare solutions and re-extract/reanalyze samples.   

16.5.3. If the analytical instrument malfunctioned, correct the instrument problem and reanalyze 

the sample extract.  Verify that the MS/MSD recoveries meet their acceptance criteria.  If the 

instrument malfunction affected the calibration, recalibrate the instrument before reanalyzing 

the sample extract. 

16.5.4. If the MS/MSD compounds still fail to meet their acceptance criteria, an assessment of 

batch QC data is necessary in order to determine the possibility of a matrix effect. If the 

RPD’s are within acceptance limits (particularly for non-native MS/MSD analytes) and all of 

the batch QC elements which are not affected by the sample matrix are in control (e.g. 

method blank, LCS, calibration checks) and there is no evidence of improper spiking levels, 

the poor recovery may be attributed to matrix effects. Additional consideration also needs to 
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be given to the ratio of spike to native analyte, as well as sample heterogeneity, as these 

factors may have an adverse effect on both spike recovery and RPD values. If matrix effect 

is determined to be the cause, the associated data must be flagged, but re-preparation and 

reanalysis is not required. Examination of spike recoveries in the matrix spike duplicate is 

also pertinent to assessing matrix effects. 

16.5.5. If any of the batch QA elements which are not affected by the sample matrix are out of 

control, or there is evidence that spiking may have been improperly performed , the matrix 

spike and matrix spike duplicate must be re-extracted and reanalyzed.  If insufficient sample 

is available or if the extraction holding time has elapsed, the laboratory must notify the client 

and flag the associated data and/or document the problem in the narrative. 

16.6. Sample Dilution- Should the quantitated value of any analyte exceed the working range of the 

curve, a dilution must be performed such that the analyte’s quantitated value is within the curve 

range. 

16.6.1. Additional internal standard must be added to the diluted extract to maintain the 

required 20 ng/µL of each internal standard  in the extracted volume.   

16.6.2. All dilutions should keep the response of the major constituents in the upper half of the 

linear range of the curve. 

16.6.3. When a herbicide peak saturates the detector the analyst must do one of the following: 

16.6.3.1. Flag all affected analytes with an S flag. 

16.6.3.2. Analyze an Instrument Blank consisting of clean solvent until the system has been 

decontaminated. 

17. Contingencies for Handling Out-of-Control or Unacceptable Data 
17.1. Unacceptable QA data noted during GC or GCMS analysis may result in a request for re-

extraction using a ‘Request for Re-extraction/Re-analysis Form (Form 0030F).  Re-extract 

parameters (sample volume, final volume etc.) may be modified from the original extraction 

based on analytical results. 

17.2. See Sections 18.1-18.2 for guidance on dealing with initial and continuing calibration out-of-

control events. 

17.3. See Section 18.3 for guidance on dealing with internal standard out-of-control events. 

17.4. See Section 18.4 for guidance on dealing with surrogate out-of-control events. 

17.5. See Section 18.5 for guidance on dealing with method blank related out-of-control events. 

17.6. See Section 18.6 for guidance on dealing with laboratory control sample related out-of-control 

events. 

17.7. See Section 18.7 for guidance on dealing with MS/MSD related out-of-control events. 
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18. Waste Management 
18.1. All extract vials must be disposed of by placing them in the blue hazardous waste drum in the 

lab set aside for this purpose. No vials may be thrown in the trash or receptacles not expressly 

designated for this purpose. 

18.2. All solvents must be disposed of by pouring them out over charcoal. No solvent may be 

poured down the drain or disposed of in any other non-hygienic manner. 

18.3. All spent charcoal must be disposed of by placing it in the charcoal disposal bin located in the 

extractions lab. 

19. Method References 
19.1. SW-846,  



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX B 
 

LABORATORY CERTIFICATIONS 

































































































 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX C 
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��%���������&������ ���/����������������'� ���%����	�����������8�������/%���� �$���
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�%���������&������ ��� ��� �/%������
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/��$'����'�%�	�'������ �5/%��������� ���������;%�����'������%��	������)� �$��
$��$��� �$�� ��/���� �� &���'� '���� %����2� �$�� $��$��� �$�� &������ 	/%���������
%��	�������� � 5�&������2� ��8��� &���'� '���� %����� 8���� ������� ��� ��� &������ �8���
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���8����%��	����	�%�������$�	���1��8�����������%���$���/���������+���8$����$��4���������
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�� 	//��/���� �� �;	�����	�� ��� '���� 4�������
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���$����'����%������������'��	�����$��/������'���	����8��$��$���
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��� ��� �$�� ���%���������� �� �$���
�� ���������*������� �� %�/%���� ��&��������� ���� ��%���� ��
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�� ��������� *������� $��� �$�� ���$����� ��'�

���%����������������&������+�8����%��������&�����������$��%��	���

��� ��� ���� ���	
��������� 
�� ���� ����������� �
� 	�
����� �� 
�� ���� ��	
����� ����� ���� �����������

����	��������������������
���������������������
�����������������	
�������������������	
���������
��

�����
�	�
�����
��������������������
����
��������
�����������������

�

�

�



�
����������	
�������	�����������
�������	���
�����������
����������	

	
�

�������	���
����	�����	�� ������������� ��������������
������������������������	������� �  !��!�"�

�������	
	����

#� �������/� ��� �8�������� �� ��'� 	//��/���� �� �$�� $��$���� ����'��'�� �� '���� 4������2�

�;	�����	�2� ��'� ���������2� ���� �/%������ ���� ��4����'� �� ����� �$�� ���8���� @5//��/���� ��
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@��8������%����//�'���������/�����/������������/�����	�	��������$��/����%�������������

%�������/����%��������������������	���'����9���������������	����'�	/%�����:���3;�/%����

���$�����	��'��9�������������/���'��:)�����������������������/����	/%�������	�	+2�����������

�� �$�� 	������� �� ���+�� ��'!�� '���� �$����� ��� �'��� �� /����%������� '���2�

/����%����������������������'������2�������������������	�������'	�/�����8��$�	���	��������'�

9@8$������A:2�%��%���������'����/��������	����������'����%�	+����2������� ��������	����������

��	$��4���� 9%��+� �$�&���2� ���� �� ����'������ ���������� %���/�����2� ��	�:2� �� ���� ����/%�� ��

/����%�������'�������&���������$����	�������		�������$��	�������������������A�

@�� 8���� ��+�8���� ������ /�����/���� �� ���� ��������� �� �	��&���� 8$�	$� /��� ��� �'&����� �� �$��
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@��8�������+�8������%����	�%�������������	$��	��&���2�������������%�����	$��	��&��������8$�	$���

/�����	/���8����������'������'��$�������&��������%����	�%�������/��%���������	$��	��&������

/��������������$�����/���������/���/%��/���2���'�%�������������%���	�����A�

@,$����	��	�/����	���%��/��2� ��8���� ��%��������	����������%�	��'�&���������� �$���%��	�� ��

/�� ��������	������%��&����� � ������������	������������� ������������'��� ������%����������

�$�����&��2���$�&���$�����$����'������������'��	�����$��/������'���	����8��$��$���
�����������

*�������A�

)�,�(����������

���� ����/����� ������'� �� 	������ %�6�	��2� ��	$� ��� 	������ 8�+� %����2� '	�/�������� ��'�
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	�������� ���� ��� /��2� �$�� �����/� 8���� ��� ���%�	��'� ��� /�����	���� ��'� 	���	��&��
�	�����8���������+������������$�������/���	+� ����	/%����	��� � ��2�������	���	��&��
�	����2��$�������/����������������	/%����	�2����	����������8�������%����/�'���������
�$�������/�$����������		���������	���	��'������	��������'2�������/%����%��&������
�����(�'� ���8���� �$�� �		�%������ ��'� ���		�%������ 	��������� 	����������8���� ���
�������(�'��

��2�'�������$���������	�����4���	�2������������/���$�������		���2��$�������/�8�������
���%�	��'� ���/�����	������'�	���	��&���	�����8���� ��� ��+��� �������� �$�������/�
��	+� ���� 	/%����	��� � ��2� ������ 	���	��&�� �	����2� �$�� �����/� ��� ������ ��� ���
	/%����	�2� ���	���������� 8���� ��� %����/�'�� � ������ �$�� �����/� $��� �����
��		���������	���	��'������	��������'2�������/%����8��$������������/�������'���$��
�%�	����'�8��'8��8��������������(�'���

1�� ���� �$��� ��������2� �������� 	���������� ����'��'�� �����(�'� ��� ��/���/�/��� ��&��
	�	����������8����/����%��	���� ������&������'��'�'�&������	��������� � ��� 	������������
��� /��� ��� �������� 	���������2� �$�� �����/� 8���� ��� ���%�	��'� ��� /�����	����� � #$��
	���������� 8���� ��� ��%����'2� 8��$� ���� ��	������� 	���	��&�� �	����� ��+��2� ������
	����������	������������/������

�� 	$�	+� �� �$�� 	���������� 	��&�� 8���� ��� %����/�'� ������ �&���� ��� ��/%����� � ����
%��	���� '�������	��� ���8���� �$�� �������� ��'� 	��������� 	����������� 8���� /����
�%�	����'�	�������������	���������������/��2��$�������/�8����������%�	��'����/�����	����
��'����	����������8�������%����/�'���.�/%���������(�'����8��������		�%��������'�
���		�%������	����������	$�	+�8��������������(�'��

*������ ��'� �������	���������� �� �������� 	�����������8���� ��� &������'� ��� �����(���� ��
	���������� 	$�	+� ����'��'� �//�'������� ������ 	����������� � #$�� %��	���� '�������	���
���8���� �$�� �������� 	���������� ��'� 	���������� 	$�	+� ����'��'� 8���� /���� �%�	����'�
%��	����'�������	��	��������� � ���	���������������/��2� �$�������/�8������� ���%�	��'� ���
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'�������	��	���������� � ��� �$��	����������	$�	+�����'��'��������		�%�����2��$�������/�
8����������%�	��'����/�����	������'����	����������8�������%����/�'������	���������
.�/%���� �����(�'� ���8���� �		�%������ ��'� ���		�%������ 	���������� 	$�	+�
����'��'��8��������������(�'��

������/����<���+��

����� �� ��/%��� ��������2� ������/���� ��'!�� 	���������� ����+�� /��� ��� �&������'� ��� �$��

%�����	���� ����������������� � ����������������'���	��'2� �$��	�	����������/����������8� �$��

��%��������/��������$������������������������������'���	��'������&������&���$����%��������/���2�

�$�����	����	���/�������8��������'�������'���.�/%������������8�������	//��	����������������

��&���� ��� ������/���� ��'� 	���������� ����+�� ���� ���8� �$�� ��%������ ��/����� � ������/���� ��'�

	��������������+�����������(�'�����B��������������������/%���	����&���������%�	��'��

������/���� ��'� 	���������� ����+��8���� ���� ��� �����(�'� �$���$��� �$�� �������	��� ��4���	����

#$����8�������	������ ������������������� ��&������&�� �$��/��$'�'���	���� ��/���� ��������	�

%���/���������$����%��������/�������������	�%���/����������������/�������������;	��'��$��


�2�����''�����������+�8������������(�'����������������&����������������&���$��/��$'�'���	����

��/���2� �$�� �����/�8���� ��� ���%�	��'� ���/�����	�������'� �$�����	���� 	���/�������8���� ���

�'�������'���.�/%������������8�����������/��������������/������'�	��������������+�����������&����

�������8� �$��
��� �B�����	���/%���������(�'����8�����		�%��������'����		�%����������+��

8��������&������'���'����/�����$�����'���������������%����$�����8�������'������)�

�������������������������'���	��'�����$����/%���2������������8������������4����'���

�����/%������������������ ��&����������&���$��/��$'�'���	���� ��/���2���/%����8����
����������(�'������������'��	��������
����������8�������'�%��'�����%���$����������
��&���� ��'� 8$��$��� �� ��� �$���� ��� ��+���$'� �$��� ��������� '���	��'� ���� �� '���	��
��������������/�	���/����������

��� �$�� ��������� %������� ��� ���		�%������ ��&���� ��� �$�� ������/���� ����+� ���� ��� ��
�����������	�	��������$�����	����'���/%���2������������8������������4����'���#$���
����������	���'�����������5�����������8$���������������	�	����/������������
����������$��%�����������������

*��$'������$��������������������	������������4������$���������/%�������	����'�8��$����
�����	���������+������������(�'��
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.�&����� &������� ��'� ��/��&������� 	/%��'�� ��'� 	������� ���/����� ���� 	���'���'� �� ���
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��� �$���&���� �$��������������'���	��'� ��� �$����/%����S���� ��/��� �$��/��$'�����+� ��&���� ���

%��%���������'��������������������4����'�������������/�'��$�������	���/�����������$��/��$'�

����+�������������	������'�8�����������	��������4��������'����������

���������5�����.�/%����

����� ����/%�����������2� �$�� ���������	�������/%��� 9�5.:�8��������&������'� ��&������ �$���

��	&����&������ ������� �%�+�'�	/%��'������8��$��� �$���%�	����'��		�%���	�� ��/����� � ����5.�

��	&������ ���� ��� �� 	����2� 	���	��&�� �	���� ��� ��4����'�� � 5���	��&�� �	����� /��� ��	��'��

����$������/���8��������;%������������$��	�����������&���%������%��%���������'��������������

�$�����������/%������	$����

���������.���'��'��

1��&���������'���/��&������������	���������2��������������'��'���������8��������&������'�������

��	$� �������	��� ���� �� &������ �$��� �$�� &������ ����8��$��� �		�%���	�� ��/����� � ��������� ����'��'�

&������ 8���� ��� 8��$��� ���G� �� T���G� �� �$�� ��������� ����'��'� &������ ��� �$�� 	���������

	��������������������������������'��'�'������/�����$��	�������2��$�������/�8��������&������'���

	����/��$�������������/�����������%��������%�%�������#$����/%���8�����$�������������(�'�������

�$�� ����������� �������� '� ��� /���� �		�%���	�� 	�������2� ��� 8���� ��� ����/�'� �$��� �$�� ��/%���

/����;��������	������������������'��'�&��������1���$��������������8������������4����'��

.��������

.����������	&����&������8��������&������'���������	$��������	���������&�������$����$��&������

����8��$����		�%���	����/�����������	&����&��������������'���		�%���	����/���2��$�������/�8����

��� �&������'� �� 	����/� �$��� ���� ������/�������� ��� %�������� %�%������ � -	�/�������� ��'�

���	$� �$�����8���� ��� ��&��8�'� �� &������ �$��� �$�� 	�	���������� �� ��������� �%�+�� ��������

�''�'� ���� �		������� � 1�� �;���	������ �����	� ��������2� ���	$� �$����� 8���� ��� ��&��8�'� ��

'����/������������''�������'����������	�	����������8����%����/�'���<��	$��$�����8��������

�����&��8�'���������;%�������������������$����/%�������

����������/�'	�/�������2��������%��%����������%�+���������������'�������'2��$�����8����
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,$�����&������������	������������	&����&������������'�����		�%��������/���2��$��
��/%���8��������������(�'�������$�������������������������8��$����		�%���	����/���2� ���
8�����������/�'��$����$�������������������8�����������������$����������������������������
8��$����		�%���	����/���2����8�����������/�'��$�����/%���/����;��������	��������������
��	&������1���$��������������8������������4����'��

1�� ��/��&������� �����	� ��������2� ��� �	�'� ��'� ��� ����!�������� ���������
��	&���� /��� ��� ����'�� �		�%���	�� ��/���� 8��$� �� 	���	��&�� �	���� ��4����'�
%�&�'�'��$����	&���������������������G������/����$�������	�'�����������������
����'��'��������'���		�%���	����/���2���������������������	&����&��������������$���
��G2��$����/%���8�����������;���	��'���'��������(�'��� ��� �$�������������������������
��� 8��$��� �		�%���	�� ��/���2� ��� 8���� ��� ����/�'� �$��� ��/%��� /����;� ��� ����	�����
��������� ��	&���� ����/���� ���� �$��� �5� ��������� ���� �		�%������� � 1���$���
����������� 8���� ��� ��� ��4����'�� � 0����B� �&�+��� -�

� 	��� ��� ��E�B�������� ,���
!	����&���
���!������������'����'�
!��?���

1�� �$��� �;���	������ �����	� ��������2� ��� �� ��������� ��	&���� &����� ��� ����'�� ��
�		�%���	�� ��/���2� �$�� '���� 8���� ��� ��&��8�'� �� '����/���� ��� �$�� ���		�%������
��������� ��� �� ������� �� /����;� ����	��� � ��� /����;� ����������	�� ��� '����/���'2� �$��
��/%��� 8���� ��� ����;���	��'� �� ��� ����;���	���� ��� ��� '��/�'� ������2� ������
'	�/����'�����$���������	����������&�����	����'�8��$��$���������������������������
��	&����������82�����'����$��%��������$�����������-����
�&��8��2��$����/%���
8�����������;���	��'���'��������(�'��

*����;�.%�+���

*����;� �%�+��� 8���� ��� �&������'� �� &������ �$��� ��	&���� &������ ��� ���� �%�+�'� 	/%��'�� ����

8��$����$���%�	����'��		�%���	����/������������		�%������������������������'2��$�������/�8�������

�&������'���	����/��$�������������/�����������%��������%�%�������-	�/����������'����	$�

�$�����8���������&��8�'���&�������$����$��	�	�������������%�+�����������''�'������		��������

.�/%���%��%����������	$��$�����8������� ��&��8�'� ��'����/���� ��������''�������'����������

	�	����������8����%����/�'���<��	$��$�����8�������������&��8�'���������;%�������������

������$����/%������

����������/2�'	�/�������2��������%��%������2����%�+���������������'�������'2��$�����8����

	���'��������8�������/�'�)�

� B�����	���������)�

�����/����;��%�+����	&����&������������'���$���		�%���	����/���2������$���5.�/�����
��	&�����		�%���	��	�������2�����;���	����8������������4����'�� � ���8�����������/�'�
�$����$�����		�%��������	&����&�������������������/����;�����	���
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������/�������	$��%�	��%����%�������8�+��������� �#$����������� ����4��%%�'�8��$�
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